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Characterization and Prioritization of watersheds in 
parts of Guna District, Madhya Pradesh, using 
remote sensing and GIS Techniques 
Watersheds are considered as fundamental units for planning 
and conservation of natural resources, hence prioritization of 
watersheds is essential for planning and management of natural 
resources for sustainable development. Watersheds can be prioritized 
on various basis such as terrain characteristics, morphometry, 
sediment yield index etc. The concept of prioritization plays a key role 
in identifying areas which need immediate intervention for 
conservation of natural resources. Several studies in different parts of 
India on prioritization of watersheds have been carried out in the 
recent past using Remote Sensing techniques, USLK (Uni\'ersal Soil 
Loss Equation) and morphometric parameters, sediment yield index, 
etc. (Chakraborty, 1991; Prasad et al., 1997; Biswas et al., 1999; 
Shrimali ct a l , 2001; Khan et al., 2001; Allen et a l , 2001; Reddy et al., 
2004; Nooka Ratnam et a l , 2005; Arun et al., 2005; Martin and Saha 
2007; Thakkar and Dhiman 2007 and Vittala et al., 2008). In the 
present study an attempt has been made to prioritize watcrsheds/sub-
watershcds based on morphometric parameters and land use/land 
cover change analysis, using remote sensing and GIS techniques. 
This study has been carried out using Survey of India (SOI) 
topographic maps on 1:50, 000 scale, Standard Geocoded False Colour 
Composites (FCCs) of Indian Remote Sensing satellite (IRS-iA) (LISS 
II) data of 1989, having a spatial resolution of 36.25 meter, and IRS-iD 
LISS III data of 2001 having a spatial resolution of 23.5 meter have 
been utilized for thematic mapping. Meteorological data (temperature 
and rainfall) of 1986-2003 period was obtained from India 
Meteorological Department (IMD), and have subsequently been 
analyzed, to know the variation in trends in temperature and rainfall. 
Shuttle Radar Topography Mission (SRTM) data of 90 meter resolution 
is used for preparing slope map and Digital Elevation Model (DEM). 
The study area lies in Deccan Plateau and forms part of Guna 
district in Madhya Pradesh covering 569.75 km^ area. It is bounded by 
24030' - 24045' North latitudes and 77"i5' - 77"30' East longitudes. 
The maximum and minimum elevation in the study area is 555 m and 
425 m above mean sea level (MSL) respectively, and the slope varies 
from 0° to 150. The area forms part of the Sind river sub-basin, which is 
an important tributary of Chambal River basin. The drainage pattern of 
the area is predominantly dendritic to sub-dendritic, however parallel 
to sub-parallel pattern is also developed locally. The study area has 
been divided into six watersheds namely Chopan, Makhawan, Niwari, 
Ghura, Kanera and Scnduwa watersheds, on the basis of drainage lines, 
slope, spot height etc. 
Geologically, the area is underlain by Deccan Traps in the form 
of three successive basaltic flows of Upper Cretaceous period with an 
average thickness of 23 meters. Laterite of Lower Eocene age is another 
geological unit which occurs on top of basaltic flows. Laterite is formed 
due to the weathering of Deccan Traps and is primary in nature. 
Alluvium is the youngest geological unit corresponding to QLiaternar>' 
period, though limited in its occurrence and extent, it is confined to 
flood plains of Sind river and its tributaries. The area has three 
distinctive geomorphic units, i.e. Deccan Plateau, denudational hills 
and alluvial plains. Deccan Plateau is the dominant geomorphic unit, 
which is lithologically composed of basalts of deccan traps and exhibits 
undulating topography. The next geomorphic unit is denudational hills 
composed of basalts of deccan traps which arc highly fractured and 
jointed, at places showing signs of weathering. Alluvial plains are 
composed of gravel, sand, silt and clay sized unconsolidated material 
principally occurring along the tributaries of Sind river. 
The area has four broad categories of soil, i.e. Lithic Haplustepts 
which is shallow type of clayey soil, well drained, occurring on steep 
slopes and possess a thickness of o to 25 cm. Typic Haplustepts is a 
moderate type of soil, well drained loamy in nature and shows a 
thickness of 25 to 50cm. Typic Haplusterts is moderate to deep, with 
moderately well drained fine soil on gentle slopes, its thickness ranges 
from 50 to 75cm. Chromic Halusterts is deep soil, well drained to 
moderately well drained fine soil, fund on very gentle slopes and has a 
thickness of >75cm. 
This study involves preparation of base map, drainage 
delineation, demarcating watershed and sub-watershed boundaries, 
generation of thematic maps using satellite data, morphometric 
analysis, land use/land cover change analysis, ground truthing, 
preparation of DEM and slope and finally prioritization of 
watersheds/sub-watersheds based on morphometric parameters and 
land use change analysis. Spatial and non-spatial data have been 
analyzed using softwares such as Arc-GIS, Geotrans 2.3, 
Georeferencing software, 3DEM, SAGA 2.0 and Arc-View 3.2. 
Morphometric analysis at sub-watershed/watershed level has 
been carried out using drainage map prepared from SOI toposhect and 
IRS LISS III data. Drainage parameters under aerial/shape, linear and 
relief aspects have been computed for each watershed. Regression of 
number of stream number with stream order of all six watersheds show 
variation from general trend indicating a regional upliftment of the 
area. Watersheds also show change in stream length ratio (RL) values 
from one order to the next higher order which indicate their late youth 
stage of geomorphic development, however there are intra-watershed 
variations hence some sub-watersheds seem to be in their mature stage 
of geomorphic development. Bifurcation ratios of the watersheds 
indicate some structural control over drainage development. Out of the 
six watersheds, Ghura watershed falls in low drainage density category 
whereas, rest of the five watersheds possess moderate to high drainage 
density. Ghura watershed shows moderate drainage texture, Niwari has 
fine, whereas Chopan, Mai<hawan, Kanera and Senduwa possess very 
fine drainage texture. Shape parameters suggest that the Kanera 
watershed is more or less circular whereas, rest of the five watersheds 
are elongated in shape. The results of the drainage analysis suggest 
Kanera watershed as most hazardous in respect of flood hazards, since 
it is more or less circular in shape. 
Land use/land cover analysis of the watersheds have been 
carried out through visual interpretation of IRS lA LISS II data of 1989 
and IRS iD LISS III data of 2001. A comparative land use/land cover 
change assessment rc\'cals that during 1989-2001 period, the study 
area has lost 44.28 km^ (7.77%) of green cover due to a combination of 
natural (decline in average rainfall) and anthropogenic factors (clearing 
of forest, shifting in crops, land left as fallow). The analysis shows 
increase in area under uncultivated land from 91.16 km^ (16.00%) in 
1989 to 188.07 km2 (33.01%) in 2001. Area under wasteland has 
increased from 50.32 km^ (8.83%) in 1989 to 66.80 km^ (11.72%) in 
2001. Whereas, area under cultivated land has shown a decline from 
154.12 km2 (27.05%) in 1989 to 113.79 km^ (19.97%) in 2001 and the 
area under open scrub has decreased from 91.40 km^ (16.04%) i" 1989 
to 56.73 km2 (9.96%) in 2001. The area under water bodies has 
marginally increased from 8.18 km^ (1.44%) in 1989 to 9.57 km^ 
(1.89%) in 2001, primarily due to the construction of Gopi Sagar 
Krishna dam and small check dam/bandh in Chopan and Niwari 
watersheds. Built-up land has also increased from 4.95 km^ in 1989 to 
9.88 km^ in 2001. The decrease in the natural vegetative cover i.e. 
dense forest, open forest, open scrub, water bodies and increase in 
uncultivated land and wasteland represent negative environmental 
changes. Whereas increase in area under dense forest, open forest, 
open scrub, water bodies and decrease in uncultivated land and 
wasteland signifies positive environmental changes. As is evident from 
the land use/land cover change analysis, most of the watersheds 
represent negative environmental changes, nevertheless there are few 
sub-watersheds which represent positive environmental changes too. 
For prioritization of watersheds/sub-watersheds linear and 
shape parameters have been considered. Linear parameters such as 
drainage density (D), stream frequency (Fs), length of overland flow 
(Lo), mean bifurcation ratio (Rbm), drainage texture (Rt) have a direct 
relationship with erodibility, higher the value, more the erodibility. 
Hence for prioritization of watersheds and sub-watersheds, the highest 
value of each linear parameter was rated as rank i, second highest value 
was rated as rank 2 and so on, and the least value was rated last in 
rank. Shape parameters such as circularity ratio (Re), elongation ratio 
(Re), form factor (RO, basin shape (Bs) and compactness coefficient 
(Cc) have an inverse relationship with erodibility, lower the value, more 
the erodibility. Thus, the lowest value of each shape parameter was 
rated as rank 1, next lower value was rated as rank 2 and so on and the 
highest value was rated last in rank. Hence, ranking of the 
watersheds/sub-watersheds have been carried out by assigning highest 
rank/priority for the highest value in case of linear parameters and 
lowest value in case of shape parameters. The ranking of every single 
Hnear and shape parameter were added up and divided by the number 
of parameters to arrive at a compound value (Cp). The difference 
between lowest and highest Cp value was classified into three equal 
intervals so as to categorize watersheds into low, medium and high 
priority. Out of 38 sub-watersheds, 12 fall in low, 10 fall in medium and 
16 fall in high priority, on the basis of morphometric results. 
Common land use/land cover categories, i.e. wasteland (WL), 
uncultivated land (UCL), cultivated land (CL), open forest (OF), dense 
forest (DF), open scrub (OS) and water body (WB), have been used for 
prioritization of watcrsheds/sub-watersheds. The basic premise 
adopted for assigning positi\'e and negative change is as under: 
Positive change = increase in cultivated land/dense forest/ 
open forest/open scrub/water body 
AND/OR 
decrease in wasteland/uncultivated land 
Negative change = increase in wasteland/uncultivated land 
AND/OR 
decrease in cultivated land/dense forest/ 
open forest/open scrub/water body 
For prioritization of watersheds/sub-watersheds the highest 
value (percent area) under land use/land cover categories of cultivated 
land, uncultivated land, open scrub, open forest, dense forest, 
wasteland and water body were rated as rank i, second highest value as 
rank 2 and so on. However, lowest ranking was given to the highest 
value amongst the land use/land cover category showing positive 
change, i.e. decrease in wasteland/uncultivated land or increase in 
open forest, dense forest/open scrub. Finally, the ranking under each 
land use category was added up to arrive at compound value (Cp). The 
difference between lowest and highest Cp value was classified into three 
equal intervals so as to categorize watersheds into low, medium and 
high priority. Out of 38 sub-watersheds, 12 fall in low, 10 fall in 
medium and 16 fall in high priority, based on land use/land cover 
change analysis. 
The results of the prioritization of watersheds/sub-watersheds 
on morphometric and land use/land cover change analysis were 
correlated to find out the common watersheds/sub-watersheds falling 
under each priority. It is found that out of the total of 38 sub-
watersheds, 14 sub-watersheds are found to have common priority on 
both the parameters, i.e. morphometric and land use/land cover 
analysis. Out of this, 7 fall under high priority, 5 fall under medium 
priority, whereas only 2 fall under low priority. However on the 
integration of morphometric and land use/land cover analysis for 
prioritization of six watersheds of the area, it is found that only Ghura 
and Kanera watersheds are common. Kanera watershed falls under 
medium priority, whereas, Ghura watershed falls under low priority, 
based on integration of morphometric parameters and land use/land 
cover analysis, whereas other four watersheds show little or no 
correlation. 
The study has scientifically proved that Kanera and Ghura 
watersheds are the most critical and vulnerable watersheds which 
require immediate attention of the planners and decision makers. 
These watersheds should be taken upon priority basis for soil and water 
conservation. These measures would certainly help in restoring the 
watershed health and environmental conditions, which may bring 
social and economic benefits to the local community. 
CHARACTERIZATION AND PRIORITIZATION OF WATERSHEDS 
IN PARTS OF GUNA DISTRICT, MADHYA PRADESH, 
USING REMOTE SENSING AND GIS TECHNIQUES 
THESIS 
SUBMITTED FOft THE AWARD OF THE DEGflEE OF 
©qctor of pijiloslopljp iv^  
i GEOLOGY ^1 ^ II 
(Remote Sensing & GIS) !U :^  ^ l^ 
'• •? I > < I I 
MOHD YOUSUF KHANDAY 
Under the Supervision of 
DR. AKRAM JAVED 
DEPARTIVIENT OF GEOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2009 
T7064 
"'Dedicated to my Loving father, 
Cdting Sister and especially my 
Adored Late Mother" 
Dr. Akram Javed 
Reader 
(Remote Sensing A CIS) 
Tel 
Fax 
Email 
+91-571-2700615(0) 
+91-571-2700528 
akramjavcd70@gmail.com 
Department of Geology 
Aligarh Muslim University 
Aligarh - 2 0 2 0 0 2 
www.amu.ac.in/geology 
9* February, 2009 
CERTIFICATE 
This is to certify that the work presented in the Ph.D. thesis entitled, 
"Characterization and Prioritization of Watersheds in parts of Guna 
District, Madhya Pradesh, Using Remote Sensing and GIS Techniques" 
submitted by Mr. Mohd Yousuf Khanday has been carried out and completed 
under my supervision. The work is an original contribution to the existing knowledge 
of the subject and has not been submitted earlier. 
He is allowed to submit the work for the award of the Ph.D. degree in Geology 
(Remote Sensing & GIS) of the Aligarh Muslim University, Aligarh. 
(Dr. Akram Javed) 
Reader 
(Remote Sensing & GIS) 
Thesis Supervisor 
Jic^owCscfgement 
'First ofaCC, I wouCd[i!{e to tfian^tfte JlCmiglityfor bestowing me J-fis mercy andSCessings. 
'When every dope ts gone ancf lieCps fCee: assistance comes from wfiere I linow not, tfiis is the 
essence of^LLKK-
'With sincere regards and tributes to Late Sir Syed jAhmad %ftan, the founder of this 
prestigious institution, the ACigarh 94usfim Vniversity, JiCigarh. I woufdCilie to express my profound 
sense of gratitude, superior guidance and deepest admiration to my supervisor and mentor (Dr. Ji^am 
Javed, who inspired and guided me with his /(een observation and amazing perspicacity throughout 
my research. 'Without hu hefp and insights, this endeavor might have never been come into shape. In 
actuaC words, he is a true mentor I am perpetuaCCy gratefuC to him for giving me constant 
encouragement, showing great optimism and faith in my abiCities and giving advice from time to time. 
I wou[d[i({e to tal{e the opportunity to thanhJDr. ShadaS %fiursheed. Chairman, department 
of QeoCogy, J^figarh CMusfim Vniversity, JlCigarh, for providing me the various faciCities of the 
(Department during the course of my research worl<^ 
I e^jjress my indebtedness to (Professor Mahshar <I(flza, (Department of QeoCogy. "He has this 
speciaC quafity of encouraging and prompting young taknts for advanced research, and I am one of 
the donees of his support and encouragement. 
It gives me immense pCeasure and priviCege to than(<^ many peopCe who have taught me 
geology: my post-graduate fecturers and professors of (Department of QeoCogy, ^Uvll), Jlfigarh, 
especiaCCy (Dr ^.(E.J^. 'MondaC, (Dr (RashidTJinar, (Dr, S.Jl. Mi <Dr X'KM. Mmad, (Dr. S.Tf. .Afa, 
(Dr. Shamim Kjian, (Dr. Sheih^(Rashid, (Dr MduCMi T(han and many more for their l{ind assistance, 
vaCuabCe advice, heCping with various appCications, efforis to e)qp[ain things cCearCy andsimpCy. 
I achjiowCedge the -Department of'History, J^Cigarh CMusCim "Vniversity, J^Cigarh for providing 
topographic maps. 
I would also ftlie to thanH^WR^A, 'Hyderabad, for providing sateCRte data, I!M(D, (pune, for 
giving meteorofogicaf data, various offices of (Juna district for rendering anciCtkry data andS'KflT^i 
website for down foading digitaf eCevatton data as SI^IM tife. 
I wish to express my sincere tfianl^s to 'Mr Haris 'Hasan 'Kfian (S(R3F) at U^^(RJ, Hyderabad, 
for hu hefp in using various softwares, providing refevant fiterature, fruitfuC discussions and 
suggestions during different stages of my research. 
I owe speciaf thanl{s to my friended, fab coffeague 'Mr Mushtaq Hussain 'Wani (Lecturer) for 
his constant support, vafuabfe suggestions, and his company during fie fd visits, he remained with me 
round t fie cfoch^in every possibfe way during the course of this research worh^ Other coffeagues Imran 
Xfian, Sayema and'Jsfazia are dufy ac!{nowfedged. 
gratitude u expressed to Mr Seeraj )\fmad 'Kfian (Scientist) in C<J'WB, (Bhopaf for 
extending usefuf materiafhefp. 
/ aUo ac^owCcdge ifie 'Remote Sensing JlppCication Center (lJ.<P.) for providing vaCuaSCe 
maps and information about the softwares. 
I wisfi to express my sincere tfianHj to 9dr. Vmar Hassan, for his encouragement and 
company during fiefd visit and investigations. Thanhj are aCso due to (Dr. Izrar and (Dr. !Muqtada 
l{han for their stretched technicaf support. 
I want to thanll my friends in the department HamiduChah 6hai, JAashiq Shai (Lecturers), 
JlBdufCah Shai, JihSitar rasooC, Sajadwani, ZuSair, Zahoor, QiiCaC, Talihre Jihxm, Shameem, andSajad 
for their cooperation and support. 
I aCso express my thanHs to non-teaching staff especiaCCy ®r. S. CM. Jisghar (Rizvi, Wasi 6hai 
for their heCp and constant encouragement extended to me during my research worH^ 
I wouCdaCso Ci({e to offer my sincere thanlis to aCCmy Batchmates/seniors/friends particulkrfy 
Mr ZuSair maCili^ 5Mr JVehaC fUarsi, 'Mr Taraz, Mr shafique, Mr Jlfraz, Mr (BiOiC Sonu, -Dr 
Manzoor, 'Dr Jizhar, <Dr J4 bidShatta, <Dr Showl^at (Bhawani, Tirdous Shai, Saadat Shai, Mr Sajad 
ganai, Mr Muzamif, Mr (primrose, Mr Musavir, Mr. Tasaduq, Mr MujeeS, Mr, Zahoor, Mr 
Ishfaq, Mr Imtiyazfor their vafuaSCe day-to-day heCp throughout this worh^whenever needed. I may 
not rememSer the names ofaCCthe persons who in one way or the other heCpedme during my studies 
Sut I am thanhfuCto them andoSCigedto aCCofthem. 
Speciaf thanHs are due to Tairoz, Jlnwar, Mohsin, JlyouS, 'Kaseer, Javed, Qowhar, (payaz, 
and Jlnayat for their care, heCp and affection which they provided me since the time I SareCy Hjteu 
how to see the time in the c[ocl<^ 
1 woidd aCso [i({e to thanl{^<Dr Qh. JeeCani (J^ssistant (professor) and his wife for their l^een 
support, suggestion and advice that heCped me to imSiSe courage and determination to face the 
reaCities of fife. Thanhj are aCso due to everyone for mailing my Journey through Jifigarh Musfim 
University ad that much Setter. 
iTie financiat assistances received first from the department as Junior (Research feChw and 
[ater on under 'OCjC feffowship scheme from the 'University (grants Commission are greatfy 
acl^nowCedged. 
I don't find suitaSfe tvords that canfudy descnSe my thanlis, due to my [ate mother for her 
unflagging ever [asting Cove. I admire the persistent and meticulous attitude of her. May J^[[ah rest 
hersou[in peace (Jlameen). 
1 can not end without expressing my gratitude to my fatfier and sister for their constant and 
unwavering assistance throughout the tenure of this worh^ It is a[[ due to their sacrifices that have 
Brought me up to this wonderfd moment. Ifie Sound[ess [ove and care of my sister is an asset which 
has encouraged me to accomplish this worl{. My utmost thanlis are due to my dear sister, whose 
unflinching courage and conviction have advays inspired me. I thanh^my father and sister for the [ove 
and patience they have for me. 
Mohd'YoUsufKjianday 
CONTENTS 
List of Figures 
List of Tables 
Page No. 
i-iv 
v-vi 
Chapter I 
LI 
L2 
L3 
L4 
L5 
L6 
INTRODUCTION 1-10 
General Statement 1-2 
Watershed Concept 2-3 
Watershed Management Approach 3-5 
Remote Sensing and GIS in Watershed Studies 5-7 
Review of Literature 7-10 
1.5.1 Remote Sensing and GIS in Watershed 9-10 
Prioritization 
Present Study 10 
Chapter II STUDY AREA 
2.1 General Statement 
2.2 Climate and Topography 
2.2.1 Temperature Trends 
2.2.2 Rain fa 11 Trends 
2.2.3 Physiography 
2.2.4 Elevation 
2.2.5 Slope 
2.3 Geology 
2.3.1 Deccan Traps 
2.3.2 l.alcritc 
2.3.3 Alluvium 
2.4 Geomorphology 
2.4.1 Alluvial Plains 
2.4.2 Denudational ffills 
2.4.3 Deccan Plateau 
2.5 Ilydrogcology 
11-31 
11-14 
14-21 
14-16 
16-18 
18-19 
19 
19 
22-25 
22-23 
23-25 
25 
25-27 
25 
27 
27 
27 
2.6 Drainage 28 
2.7 Agricuhure and Soils 28-31 
Chapter III DATA SOURCES AND METHODOLOGY 32-43 
3.1 Data Sources 32-35 
3.2 Methodology 36-43 
3.2.1 Preparation of Base Map 36 
3.2.2 Drainage Delineation andMorphometric 36-38 
Analysis 
3.2.3 Delineation of watersheds and sub-watersheds 38 
3.2.4 Land use/land cover mapping and change 38-39 
analysis 
3.2.4.1 Georeferencing 39 
3.2.5 Digital Elevation Model and Slope 40 
3.2.6 Prioritization of Watersheds 41-43 
3.2.6.1 Based on Morphometric Analysis 41 
3.2.6.2 Based on Land use/land cover Analysis 42 
3.2.6.3 Integration of Morphometric and Land 43 
use/land cover Analysis 
Chapter IV MORPHOMETRIC ANALYSIS 44-97 
4.1 General Statement 44-45 
4.2 Remote Sensing and GIS in Morphometric 45-46 
Studies 
4.3 Morphometric Parameters 46-53 
4.3.1 Linear Aspects 47-49 
4.3.1.1 Stream Order 46 
4.3.1.2 Stream Length 48 
4.3.1.3 Mean Stream Length 48 
4.3.1.4 Stream Length Ratio 48 
4.3.1.5 Bifurcation Ratio 49 
4.3.2 Relief Aspects 49-50 
4..3.2.1 Relief Ratio 49-50 
4.3.2.2 Basin Length 50 
'\..'}>3 Aerial Aspects 50-53 
4.4 
4.3.3.1 Drainage Density 
4.3.3.2 Stream Frequency 
4.3.3.3 Drainage Texture 
4.3.3.4 Basin Shape 
4.3.3.5 Form Factor 
4.3.3.6 Circularity Ratio 
4.3.3.7 Klongation Ratio 
4.3.3.8 Length of Overland Flow 
4.3.3.9 Constant of Channel Maintenance 
4.3.3.10 Compactness Coefficient 
Morphomeiric Characteristics of the Watersheds 
4.4.1 Chopun Watershed 
4.4.1.1 Linear Aspects 
4.4.1.2 Relief Aspect 
4.4.1.3 Aerial Aspects 
4.4.2 Makhawan Watershed 
4.4.2.1 Linear Aspects 
4.4.2.2 Relief Aspect 
4.4.2.3 Aerial Aspects 
4.4.3 Nhvari Watershed 
4.4.3.1 Linear Aspects 
4.4.3.2 Relief Aspect 
4.4.3.3 Aerial Aspects 
4.4.4 iihura Watershed 
4.4.4.1 Linear Aspects 
4.4.4.2 Relief Aspect 
4.4.4.3 Aerial Aspects 
4.4.5 Kanera Watershed 
4.4.5,1 Linear Aspects 
4.4.5.2 Relief Aspect 
4.4.5.3 Aerial Aspects 
4.4.6 Sendmva Watershed 
50 
51 
51 
51 
51-52 
52 
52 
53 
53 
53 
54-95 
53-60 
55 
58 
58-60 
60-66 
61 
64 
64-66 
66-72 
67 
70 
70-72 
72-78 
73 
76 
76-78 
78-84 
81 
82 
82-84 
84-90 
4.4.6.1 Linear Aspects 85 
4.4.6.2 Relief Aspect 88 
4.4.6.3 Aerial Aspects 88-90 
4.4.7 Major Watersheds of the Area 90-95 
4.4.7.1 Linear Aspects 92 
4.4.7.2 Relief Aspect 93 
4.4.7.3 Aerial Aspects 93-95 
4.5 Slope and Drainage Density Co-relationship 96 
Chapter V LAND USE/LAND COVER ANALYSIS 98-161 
5.1 General Statement 98 
5.2 Remote Sensing and GIS in Land use/land cover 98-101 
Studies 
5.3 Image characteristics of land use categories 101 -102 
5.4 Chopan Watershed 102-112 
5.4.1 Land use/land cover (1989) 102-106 
5.4.2 Land use/land cover (2001) 106 
5.4.3 Land use/land cover Change (1989-200 J J 106-112 
5.5 Makhawan watershed 113-122 
5.5.1 Land use/land cover (1989) 113-117 
5.5.2 Land use/land cover (2001) 11 7 
5.5.3 Land use/land cover Change (1989-2001) 117-122 
5.6 Niwari Watershed 123-129 
5.6.1 Land iiscnand caver (1989) 123 
5.6.2 Land use/land cover (2001) 123-127 
5.6.3 Land use/land cover Change (1989-2001) 127-129 
5.7 Ghura Watershed 130-136 
5.7.1 Land use/land cover (1989) 130-133 
5.7.2 Land usedand cover (2001) 133 
5.7.3 Lund use/land cover Change (1989-2001) 133-136 
5.8 Kanera Watershed 137-146 
5.8.1 Land use/land cover (1989) 137-141 
5.8.2 Land me/land cover (2001) 141 
5.8.3 Land use/land cover Change (1989-2001) 141-146 
5.9 Senduwa Watershed 146-153 
5.9.1 Land use/land cover (1989) 147 
5.9.2 Land use/land cover (2001) 147-151 
5.9.3 Land use/land cover Change (1989-2001) 151-1 53 
5.10 Comparative Analysis of Major Six Watersheds 153-161 
5.10.1 Land ii.se/land cover (1989) 154 
5.10.2 Land use/land cover (2001) 1 54-158 
5.10.3 Land use/land cover Change (1989-2001) 158-161 
Chapter VI PRIORITIZATION OF WATERSHEDS 162-195 
6.1 General Statement 162 
6.2 Based on Morphometric Analysis 162-163 
6.3 Based on Land use/land cover Analysis 163 
6.4 Chopan Watershed 164-167 
6.5 Makhawan Watershed 167-171 
6.6 Niwari Watershed 171-175 
6.7 Ghura Watershed 175-179 
6.8 Kanera Watershed 179-183 
6.9 Senduwa Watershed 183-187 
6.10 Prioriti/.ationof Major Watersheds 187-191 
Chapter VII SUMMARY AND CONCLUSION 196-198 
REFERENCES 199-212 
List of Figures 
Figure No.: Title Page No. 
2.1 [.ocation map of the district 12 
2.2 Map showing major features of the study area 13 
2.3a Trends in amiual maximum temperature (1986-2003) 15 
2.3b Trends in annual minimum temperature (1986-2003) 15 
2.4 Average annual rainfall (1986-2003) 17 
2.5 Digital Elevation Model of the study area 20 
2.6 Slope map of the study area 21 
2.7 Geological map of the study area 24 
2.8 Geomorphological map of the study area 26 
2.9 Major streams and surface water bodies in the area 29 
2.10 Soil map of the study area 31 
3.1 IRS-IALISS II FCC image of 1989 33 
3.2 IRS-IDLISS III FCC image of 2001 34 
3.3 Flow chart showing steps followed for the study 38 
4.1 Drainage network of the study area derived from 54 
SOI toposheets & IRS LISS III FCC 
4.2 Drainage network of the Chopan watershed 57 
4.3 Regression of number of stream segments with stream order 58 
4.4 Drainage network of the Makhawan watershed 63 
4.5 Regression of number of stream segments with stream order 64 
4.6 Drainage network of the Niwari watershed 69 
4.7 Regression of number of stream segments with stream order 70 
4.8 Drainage network of the Ghura watershed 75 
4.9 Regression of number of stream segments with stream order 76 
4.10 Drainage network of the Kanera watershed 80 
4.11 Regression of number of stream segments with stream order 82 
4.12 Drainage network of the Senduwa watershed 87 
4.13 Regression of number of stream segments with stream order 88 
4.14 Regression of number of stream segments with 93 
stream order of all watersheds 
4.15 Drainage map superimposed on slope map 97 
5.1 Open scrub near Binaikheri village in Chopan watershed 105 
5.2 Uncultivated land near Bajranggarh town in Chopan watershed 107 
5.3 Land use/land cover map of Chopan watershed based on 108 
IRS LISS 11(1989) 
5.4 Wasteland east of Bajranggarh town in Chopan watershed 109 
5.5 Land use/land cover map of Chopan watershed based on 110 
IRS LISS III (2001) 
5.6 Change in area under land use/land cover categories (1989-2001) 113 
5.7 Dense forest near Bilonia village in Makhawan watershed 116 
5.8 Land use/land cover map of Makhawan watershed based on 118 
IRS LISS 11(1989) 
5.9 Open forest near Bilonia village in Makhawan watershed 119 
5.10 Land use/land cover map of Makhawan watershed based on 120 
IRS LISS 111(2001) 
5.11 Change in area under land use/land cover categories (1989-2001) 122 
5.12 Land use/land cover map of Niwari watershed based on 126 
IRS LISS 11(1989) 
5.13 Land use/land cover map of Niwari watershed based on 128 
IRS LISS III (2001) 
5.14 Change in area under land use/land cover categories (1989-2001) 130 
5.15 Land use/land cover map of Ghura watershed based on 134 
IRS LISS 11(1989) 
5.16 Land use/land cover map of Ghura watershed based on 135 
IRS LISS 111(2001) 
5.17 Change in area under land use/land cover categories (1989-2001) 137 
5.18 Cultivated land in Kanera watershed (in the background 140 
check dam can be seen) 
5.19 Land use/land cover map of Kanera watershed based on 142 
IRS LISS II (1989) 
5.20 Rocky area in Kanera watershed south of check dam 143 
5.21 Land use/land cover map of Kanera watershed based on 144 
IRS LISS 111 (2001) 
5.22 Change in area under land use/land cover categories (1989-2001) 146 
5.23 Land use/land cover map of Senduwa watershed based on 150 
IRS LISS II (1989) 
5.24 Land use/land cover map of Senduwa watershed based on 152 
IRS I.ISS III (2001) 
5.25 Change in area under land use/land cover categories (1989-2001) 153 
5.26 Land use/land cover map of whole study area based on 157 
1RSLISS1I(1989) 
5.27 Land use/land cover map of whole study area based on 159 
IRSLISS 111(2001) 
5.28 Change in area under land use/land cover categories (1989-2001) 161 
6.1a Priority of sub-watersheds based on morphometric parameters 166 
6.1b Priority of sub-watersheds based on land use/land cover 166 
change analysis 
6.2 Priority of sub-watersheds based on integration of morphometric 168 
and land use/land cover analysis 
6.3a Priority of sub-watersheds based on morphometric parameters 170 
6.3b Priority of sub-watersheds based on land use/land cover 170 
change analysis 
6.4 Priority of sub-watersheds based on integration of morphometric 172 
and land use/land cover analysis 
6.5a Priority of sub-watersheds based on morphometric parameters 174 
6.5b Priority of sub-watersheds based on land use/land cover 174 
change analysis 
6.6 Priority of sub-watersheds based on integration of morphometric 176 
and land use/land cover analysis 
6.7a Priority of sub-watersheds based on morphometric parameters 178 
6.7b Priority of sub-watersheds based on land use/land cover 178 
change analysis 
6.8 Priority of sub-watersheds based on integration of morphometric 180 
and land use/land cover analysis 
6,9a Priority of sub-watersheds based on morphometric parameters 182 
6.9b Priority of sub-watersheds based on land use/land cover 182 
change analysis 
6.10 Priority of sub-watersheds based on integration of morphometric 184 
and land use/land cover analysis 
6.11a Priority of sub-watersheds based on morphometric parameters 186 
ui 
6.11b Priority of sub-watersheds based on land use/land cover 186 
change analysis 
6.12 Priority of sub-watersheds based on integration of morphometric 188 
and land use/land cover analysis 
6.13a Priority of watersheds based on morphometric parameters 190 
6.13b Priority of watersheds based on land use/land cover 190 
change analysis 
6.14 Priority of watersheds based on integration of morphometric 192 
and land use/land cover analysis 
6.15 Priority of sub-watersheds based on morphometric parameters 193 
6.16 Priority of sub-watershed based on land use/land cover 194 
change analysis 
6.17 Priority of sub-watersheds based on integration of morphometric 195 
and land use/land cover analysis 
List of Tables 
Table No.: Title Page No. 
2.1 Variation in seasonal average maximum and 16 
minimum temperatures (1986-2003) 
2.2 Variation in annual rainfall (1986-2003) 18 
2.3 Geology of the Guna district 22 
4.1 Morphometric parameters, and their formulae 47 
4.2 Stream analysis of the sub-watersheds and whole 56 
Chopan watershed 
4.3 Results of the morphometric analysis of the 59 
sub-watersheds and whole Chopan watershed 
4.4 Stream analysis of the sub-watersheds and whole 62 
Makhawan watershed 
4.5 Results of the morphometric analysis of the 65 
sub-watersheds and whole Makhawan watershed 
4.6 Stream analysis of the sub-watersheds and whole 68 
Niwari watershed 
4.7 Results of the morphometric analysis of the 71 
sub-watersheds and whole Niwari watershed 
4.8 Stream analysis of the sub-watersheds and whole 74 
Ghura watershed 
4.9 Results of the morphometric analysis of the 77 
sub-watersheds and whole Ghura watershed 
4.10 Stream analysis of the sub-watersheds and whole 79 
Kanera watershed 
4.11 Results of the morphometric analysis of the 83 
sub-watersheds and whole Kanera watershed 
4.12 Stream analysis of the sub-watersheds and whole 86 
Senduwa watershed 
4.13 Results of the morphometric analysis of the 89 
sub-watersheds and whole Senduwa watershed 
4.14 Stream analysis of the major six watersheds and 91 
whole study area 
4.15 Results of the morphometric analysis of the major 94 
six watersheds and whole study area 
5.1 Land use/land cover change analysis of the 103-104 
Chopan watershed 
5.2 Land use/land cover change analysis of the 114-115 
Makhawan watershed 
5.3 I .and use/land cover change analysis of the 124-125 
Niwari watershed 
5.4 Land use/land cover change analysis of the 131-132 
Ghura watershed 
5.5 Land use/land cover change analysis of the 138-139 
Kanera watershed 
5.6 Land use/land cover change analysis of the 148-149 
Senduwa watershed 
5.7 Land use/land cover change analysis of the 155-156 
major six watersheds 
6.1 Ranks and priorities of sub-watersheds in Chopan watershed 165 
6.2 Ranks and priorities of sub-watersheds in Makhawan watershed 169 
6.3 Ranks and priorities of sub-watersheds in Niwari watershed 173 
6.4 Ranks and priorities of sub-watersheds in Ghura watershed 177 
6.5 Ranks and priorities of sub-watersheds in Kanera watershed 181 
6.6 Ranks and priorities of sub-watersheds in Senduwa watershed 185 
6.7 Ranks and priorities of major six watersheds 189 
VI 
CHAPTEIv —" I 
INTRODUCTION 
C H A P T E R - I 
INTRODUCTION 
1.1 General Statement 
The wealth of mankind depends on the application of science to production 
and transformation of natural resources useful to man. In developed countries the 
fundamental industries are based on natural resources, therefore, natural resources 
surveys should become an integral part of economic and industrial planning of a 
country, particularly the developing ones. India is amongst the few countries in the 
world which are endowed with abundant natural resources i.e. mineral deposits, 
surface and ground water resources, fertile plains and rich biodiversity (Pandey, 
2001). Population pressure coupled with unscientific exploitation and improper 
management practices have led to depletion of natural resources in the last few 
decades. The National Forest Policy of India envisages bringing one-third of 
geographic area of the country under forest cover to maintain the ecological balance 
and environmental stability. The forest cover of the country as per 2003 assessment 
has been estimated to be 678,333 km ,^ which constitutes about 20.64% of the 
geographic area of the country (www.fsi.nic.in). 
Since, India has agrarian based economy, land evaluation using scientific 
methods is essential to assess the potential and constraints of a given piece of land for 
agricultural purposes (Rossiter, 1996). India has total geographical area of about 329 
mha, out of which about 173.6 mha (53%) are subjected to moderate to severe form of 
degradation (www.envfor.nic.in). The problems associated with the extensive 
agriculture include declining soil fertility, land affected by salinity, water logging and 
erosion in association with low input farming against a background of over 
exploitation of natural resource base in some industrialized countries and scarcity of 
external inputs in the least endowed countries (Fresco, 1990; Lanen Van et al., 1992). 
Soil loss due to erosion is a continuous process and is directly linked to impairment of 
soil health that brings down the soil productivity and sustainability. Erosion also takes 
away 14 million tones of major nutrients every year such as nitrogen, phosphorous 
and potassium, particularly red and lateritic soils are prone to this problem. About 
16% of land area is considered as wasteland (Joseph, 2005). 
Soil erosion by water and wind account for 87% of the area affected by soil 
degradation, which has been estimated between 1977 and 1997 the area critically 
affected by erosion has almost doubled. Soil is one of the basic resources of a country, 
which should be properly utilized and conserved to sustain the ever increasing food, 
fodder and fuel requirement. The national average rate of soil loss has been calculated 
as 16.35 t/ha/year which translates into approximately 5.3 billion tones annually in the 
country (Prasad and Biswas, 1999). About 64% of the eroded soil comes from the 
Shiwaliks, the Western Ghats and the north-eastern states. Out of this, nearly 29% are 
permanently lost to the sea, 10% deposited in reservoirs and dams and 61% 
transported from one place to another (Mahto and Patil, 2005). Soil erosion results in 
land degradation and water carries the loose soil that later gets deposited in reservoirs 
and dams reducing their storage capacity and life span by 1 to 2% annually. 
Compared to humid regions, the problem related to soil and water erosion is 
altogether different in arid and semi-arid regions where flash floods are common 
phenomena (Mabbutt, 1977; Jones, 1981; Graf, 1988). Judicious assignation and 
utilization of available natural resources to check soil erosion necessitates accurate 
and timely mapping, monitoring and prioritizating areas based on their susceptibility 
to erosion (Reddy et al., 2004a). 
1.2 Watershed Concept 
The term 'watershed' is defined as a naturally occurring geo-hydrological unit 
draining to a common point by a system of natural stream/drains. It comprises of a 
catchment area (recharge zone), a command area (transition zone) and a delta area 
(discharge zone) of a stream/river. The topmost portion of the watershed is known as 
the "ridge" and a line joining the ridge portions along the boundary of the watershed 
is called a "'ridgeline" (Srinivasa et al., 2004). Hydrologically the shape of the 
watershed is important because it controls the time taken for the runoff to concentrate 
at the outlet. A watershed is thus becomes a logical unit for planning and management 
of its soil, water and biomass resources. Watersheds could be categorized into a 
number of groups depending upon the mode of classification on the basis of their size, 
drainage, shape and land use pattern. The categorization could also be based on the 
size of the stream or river, the point of interception of the stream or the river and the 
drainage density and its distribution (Chopra et al., 2005). All India Soil and Land 
Use Survey (AIS&LUS) (1990), has developed a system for watershed delineation at 
various scales i.e. water resource region, basin, catchment, sub-catchment, and 
watershed. The Watershed Atlas of India prepared by AIS & LUS (1990), describes 
the mean area of a watershed less than 500 km^ (+50%). National Remote Sensing 
Agency (1995) has further classified watershed into sub-watershed (30-50 km^), mini-
watershed (10-30 km^) and micro-watershed (5-10 km^). Watersheds may also be 
categorized as hill or flat watersheds based on slope, humid or arid watersheds based 
on climate, red soil watershed or black soil watershed based on soil. For preserving 
the ecological balance between natural resources development and conservation, the 
concept of watershed has acquired great significance particularly in fragile and 
heterogeneous ecosystems (Sharma et al., 1992). Since, watershed or a river basin is a 
naturally occurring geo-hydrological unit that drains to a common point, hence it is 
considered an appropriate physical unit for soil loss estimation and prioritization of 
areas for ridge to valley treatment. Watershed characteristics such as drainage, 
landforms. slope, soils and land use/land cover along with rainfall affect soil erosion 
which needs to be evaluated for prioritization of watersheds to execute in situ soil and 
water conservation measures. The study of various erosion properties at sub-basin 
level is required for detailed evaluation of erosion parameters (Ascough et al., 1997; 
Sharma etal., 1985). 
1.3 Watershed Management Approach 
The concept of watershed management based on integrated land use planning 
has been in vogue for the past two decades. Watershed management has emerged as a 
new paradigm for planning, development and management of land, water and biomass 
resources with a focus on social and environmental aspects following a participatory 
approach. Watershed management is considered a philosophy of comprehensive 
integrated approach to natural resources management, which also takes into account 
the social resources. It involves judicious use of natural resource with active 
participation of institutions, organizations and community in harmony with the 
ecosystem (Anon, 2004). However, one of the major gaps in watershed development 
programme has been the inadequate database on various parameters for planning and 
lack of research on the methodology and its implementation (Dhruvnarayana et al., 
1990; Sarkar and Singh, 1997; Vidyanathan, 1991). 
Drainage basins, catchments and sub-catchments are fundamental units for 
management of land and water resources (Moore et al., 1994). Catchments and 
watersheds have been identified as planning units for administrative purpose to 
conserve renewable resources (FAO, 1985; Honore, 1999; Khan, 1999). The concept 
of watershed management recognizes the inter-relationships between land use, soil 
and water and the linkage between upstream and downstream areas (Tideman, 1996). 
Soil and water conservation are the key issues in watershed management in India, 
besides demarcating priority of watersheds. 
In India watershed management programme was initiated more than four 
decades ago but the activities have become more significant since 1990s. The issues 
of enhancing productivity, sustainability, gender mainstreaming, capacity building, 
and equity concerns have become important. The watershed management programme 
covered different agro-ecological regions of the country and their nature and scope 
were continuously modified to bring about uniformity in programmes being 
implemented by various agencies. Integrated watershed management programmes 
have shown the potential of doubling the productivity of rain-fed areas (Wani et al., 
2003). The Government of India (GOI) has undertaken strategic investments through 
watershed approach for sustainable development and management of natural 
resources. Different ministries implement watershed programs in India by adopting 
specific guidelines, approaches, objectives as well as financial allocations to 
undertake watershed development activities. Few studies have been carried out to 
assess the impacts of watershed programmes (Chopra et al., 1990; Kerr et al., 2000; 
Kerr, 2002; Joshi and Oairola, 2004), however comprehensive assessment of 
watershed programs is still lacking. 
The Guidelines for Watershed Development were formulated in 1995, and 
subsequently revised in 2001. These guidelines emphasized the role of community 
participatory approach and gender equity. To further simplify procedures and involve 
the local community in planning, implementation and management of economic 
development activities of a region, these new guidelines called "Ilariyali" were issued 
in April 2003. These identify a critical role of the Panchayat Raj insfitutions in 
implementation of watershed development programmes (Wani et al, 2002; Wani et al, 
2003). Managing a watershed involves not only individual plots, but also common 
property resources like forests, springs, roads, footpaths and vegetation along streams 
and rivers (Swallow et ai., 2001). Participatory watershed management should involve 
all stake holders to jointly discuss their interests, prioritize their needs, evaluate 
potential alternatives and implement, monitor and evaluate the project outcomes 
(Mirghani and Savenije, 1995). 
Characteristics of watersheds in terms of its geology, geomorphology, soil, 
drainage, topography, climate, land use/land cover, sediment yield etc. play a key role 
in natural resources management leading to watershed development. Since, a 
watershed is considered natural entity but possesses variations in terms of soil type, 
drainage, topography, land use etc. hence dividing it into smaller units i.e. sub-
watersheds or micro-watersheds becomes necessary. To identify the most vulnerable 
sub-watersheds, these have to be prioritized based on their characteristics/parameters 
such as drainage morphometry, land use/land cover, sediment yield index etc for 
conservation measures (Chakraborti, 1993). 
1.4 Remote Sensing and GIS in Watershed Studies 
The remote sensing technology has been accepted as an effective tool in 
natural resource mapping the world over. By virtue of synoptic view of a fairly large 
area at regular intervals, spaceborne multispectral data from various Earth observation 
satellites have been operationally used since the launch of Earth Resources 
Technology Satellite (ERTS-1), later renamed as LANDSAT-1 in 1972, for 
generating and updating information on natural resources. Since then a host of 
satellites have been launched with improved payload, design and sensors. The notable 
ones include SPOT series of France, NOAA and LANDSAT series of USA, ERS 
series of European Space Agency, IRS series of India. India has taken a lead in 
design, development, launch and operation of high resolution satellite data from 
Cartosat. India has achieved significant progress in space technology and its 
applications in monitoring and management of natural resources during the last two 
decades. With the recent advancements in the satellite remote sensing techniques and 
development of sophisticated tools for the analysis of spatial and non-spatial data, the 
ability to quantify various attributes of earth resources has increased tremendously 
(Kasturirangan, 2001). Remote sensing also provides information at various spatio-
temporal scales. Using a combination of spectral signatures, terrain conditions, field 
knowledge etc. it is possible to generate spatial databases on natural resources at 
desired scale and specific land unit i.e. watershed. 
Remote sensing technology has been applied in various fields such as water 
resources, watershed surveys, groundwater targeting, land use/land cover mapping, 
environmental studies, forest mapping, structural mapping etc. A host of workers 
(Singhroy, 1988; Dury and Hunt, 1988; Fernanadez and Tahon, 1991; Harris, 1991; 
Longlin, 1991; Rengers et al., 1992; Valentine et al., 1992; Mishra et al., 1991; 
Agarwal and Mishra, 1992., Kulkarni, 1992; FlUason, 1992; Evans, 1992; Mangrulker 
et al., 1993; Nagarjan ct al.. 1993; Jain and Ahmad, 1993; Reddy et al., 2002a; 
Murthy et al., 2003; Nag and Chakraborty, 2003; Joshi and Gairola, 2004; Srivastava 
et al., 2004) have successfully demonstrated the utility of remote sensing technique in 
various disciplines of geosciences. Remote sensing has also become an indispensable 
scientific tool for mapping and monitoring of natural resources (Kasturirangan et al., 
1996) and frequently used for characterization of soil resources (Saxena et al., 2000; 
Srivastava and Saxena, 2004) and prioritization of watersheds (Khan et al., 2001; 
Suresh et al., 2004). 
Geographical Information System (GIS) generally provides tool for effective 
and efficient storage and manipulation of remotely sensed data and other spatial and 
non-spatial data types for scientific modeling, management and policy making 
information to decision makers. Now capabilities of GIS have been successfully 
explored to solve geo-scientific problems creating geo-database of natural resources 
and to integrate various thematic data layers to study inter-relationships of different 
layers. The remote sensing and GIS techniques provide an excellent opportunity to 
create and manage database on spatial and non-spatial data for integrated watershed 
development. 1 he data thus generated could be helpful to formulate site specific 
action plans for watershed management. 
GIS and Remote sensing techniques are being used effectively in recent times 
as advanced tools to gather information about the earth's resources more accurately, 
efficiently and quickly than conventional methods (Colwel. 1978). Analysis of 
satellite data for drainage, landforms, soil and land use/land cover aspects in 
conjunction with collateral data, facilitate evaluation of soil erosion. The quantitative 
evaluation of river basin drainage morphometry using GIS and remote sensing 
techniques is of immense help in prioritization of area for landscape management 
(Reddy et al., 2002b). These techniques have also been used extensively in 
quantification of Universal Soil Loss Equation (USLE) parameters to estimate soil 
erosion and prioritization of areas (Jain and Kothyari, 2000; Sharma et al., 2001). GIS 
capabilities in generation of Digital Elevation Model (DEM), multi-layer overlay and 
raster analysis helps to study various spatial aspects of USLE parameters and facilitate 
integrated analysis of large volume multi-source data (NIH, 1995). 
1.5 Review of Literature 
The pioneering work on the drainage basin morphometry was carried out by 
Horton (1932, 1945), Miller (1953), Smith (1954), Strahler (1964) and others. In 
India, some of the recent studies on morphometric analysis using remote sensing 
technique were carried out by Mishra et al., (1994) of lower Sind basin, marginal 
plains of M.P. and U.P., Nautiyal (1994) in Khairkuli drainage basin of Dehradun, 
Ravindran et al., (1996) in Zuvari basin. South Goa. Srivastava (1997) studied the 
drainage pattern of the Jharia coalfield (Bihar) using remote sensing technology. Nag 
(1998) carried out morphometric analysis of Chaka sub-basin of Purulia district of 
West Bengal. Nag and Chakraborty (2003) deciphered influence of rock types and 
structures in the development of drainage network in hard rock area. Srinivasa et al.. 
(2004) have used remote sensing and GIS techniques in morphometric analysis of 
sub-watersheds in Pavagada area of Tumkur district of Karnataka state. More 
recently. Chopra el al., (2005) have carried out morphometric analysis of sub-
watersheds in Gurdaspur district Punjab, using remote sensing and GIS techniques. 
Sloanke et al., (2005) attempted characterization and management of watershed using 
remote sensing and GIS in Ganeshapur watershed of Nagpur district. Singh (2006) 
has carried out morphometric analysis in Vidarbha region. Bhatt et al., (2007) carried 
out morphometric analysis in Anandpur Sahib area, Punjab. 
The Geographical Information System (GIS) and Remote sensing (RS) 
techniques have widely been applied to study land use/land cover changes. The urban 
land use change of North Bhubanswer, Orissa was analysed by Mohanty (1994) using 
aerial photographs and satellite data. Ghosh et al., (1996) studied the land use/land 
cover change in a mountainous region of Himalayas using GIS and remote sensing. 
Menris (1997) carried out a study on land use changes in Pranmati watershed, 
Gharwal Himalayas using IRS-IB and concluded that area under cultivated land 
increased significantly at the expense of forests and pasture land. Prakash and Gupta 
(1998) carried out land-use mapping and change detection in Jharia coal field, Bihar 
(now Jharkhand). Dafang et al., (1999) carried out research activities on land 
use/cover change in the past ten years in China, using space technology. Sudhakar et 
al., (1999) studied techniques of classification of land use/land cover with special 
reference to forest type mapping in Jaldapara Wildlife Sanctuary, Jalpaiguri, West 
Bengal. Jaiswal et al., (1999) studied land use/land cover changes over a period of 30 
years in a part of Gohpura block, Shahdol district of Madhya Pradesh using multi-
temporal satellite data. Minakshi et al., (1999) analyzed land use/land cover change in 
parts of Dehlon block of Ludhiana district of Punjab. Brahmabhatt et al., (2000) 
studied land use/land cover changes in command area in Kheda district of Gujarat 
state using multi-temporal satellite data of 1988 and 1997. Mahajan et al., (2001) 
studied land use status of Ashwani khad watershed in Almora district using IRS-ID 
satellite data and carried out topographic analysis using GIS techniques to show that 
altitude, aspect and slope influence land utilization. Using multi-date satellite 
imagery, Sarma et al., (2001) found significant land cover changes during 1973 
1999 in Godavari delta region. Bisht and Kothyari (2001) analyzed land-cover change 
analysis of Garur Ganga watershed using GIS and remote sensing technique in 
Bageshwar, district. Uttaranchal. Gawande et al., (2002) carried out geological, 
geomorphological, hydrological and land use/land cover mapping around Kamthi 
area. Maharashtra, using remote sensing techniques. Chauhan et al., (2003) using 
aerial photographs of 1976 and IRS-IC LISS III satellite data of 1999 carried out 
change detection in Sal Forest Division, Dehradun. Chen et al., (2003) analyzed land 
use/land cover change detection using improved change-vector analysis in Haidian 
District. Beijing. China. Sikdar et al.. (2004) studied land use/land cover changes and 
groundwater potential zoning around Bardhaman district. West Bengal. Joshi and 
Gairola (2004) analyzed land cover dynamics along the topography in Balkhila sub-
watershed situated in Cjarhwal Himalayas. Mahajan and Panwar, (2005) carried out 
land use changes in Ashwani Khad watershed mid hill zone of Mimachal Pradesh 
using GIS techniques. Raju and Kumar (2006) have recently carried out land use/land 
cover analysis with application of remote sensing data in Udambanchola Taluk, 
Idukki district. Kerala. 
1.5.1 Remote Sensing and GIS in Watershed Prioritization 
Several studies on prioritization of watersheds have been carried out in the 
past using Remote Sensing techniques, USLE parameters and sediment yield model 
(Khan, et al., 2001; Reddy et al., 2004a; Arun et al., 2005; Martin and Saha, 2007; 
Thakkar and Dhiman, 2007). Prioritization of watersheds using remote sensing data 
by sediment yield prediction has been carried out by Chakraborty (1991a). Sub-
watershed prioritization of watershed management, eastern region, Nepal using 
remote sensing and GIS has been done by Prasad et al. (1997). Chaudhary and 
Sharma (1998) attempted erosion hazard assessment and treatment prioritization of 
Giri river catchment. North Western Himalaya. Biswas et al., (1999) carried out 
prioritization of sub-watershed based on morphometric analysis of drainage basin 
using remote sensing and GIS techniques. Shrimali et al., (2001) studied Sukhana lake 
catchment in the Shiwalik hills for delineation and prioritization of soil erosion areas 
using remote sensing and GIS techniques. Khan et al., (2001) used remote sensing and 
GIS techniques for watershed prioritization in the Guhiya basin, India. Allen et al., 
(2001) carried out prioritization of watersheds to bring about ranking of Zuni basin, 
India. Ramesh et al., (2001) carried out prioritisation of subwatersheds of Dakshina 
Kannada district, Karnataka using remote sensing data. Geo-spatial database for 
prioritization and evaluation of conservation strategies for landscape management in a 
river basin was carried out by Reddy et al., (2002b). Mani et al., (2003) carried out 
soil erosion studies of part of the world's largest river island, Majuli River-Island, in 
Assam using remote sensing data and ILWIS software. Reddy et al., (2004a) 
attempted prioritization of river sub-basins using Morphometric and USIJ: 
parameters aided by remote sensing and GIS. Nooka Ratnam et al., (2005) carried out 
check dam positioning by prioritization of micro-watersheds using Silt Yield Index 
(SYI) model and morphometric analysis using remote sensing and GIS in Midnapur 
district of West Bengal. Arun et al., (2005) attempted a rule-based physiographic 
characterization of a drought-prone watershed applying remote sensing and GIS 
techniques in Gandeshwari watershed in Bankura district of West Bengal. Martin and 
Saha (2007) carried out an integrated approach for watershed prioritization and 
productivity using remote sensing and GIS. Thakkar and Dhiman (2007) carried out 
morphometric analysis and prioritization of mini-watersheds in Mohr watershed, 
Gujrat using remote sensing and GIS techniques. Vittala et al., (2008) attempted 
Prioriti/.ation of" sub-watersheds for sustainable development and management of 
natural resources in Tumkur district, Karnataka, using remote sensing and GIS. 
1.6 Present Study 
Madhya Pradesh (M.P.) is one of the agriculturally rich states of India, which 
is endowed with abundant natural resources. However, due to population pressure and 
inexpedient exploitation of natural resources there has been depletion and degradation 
of natural resources reported from various parts of the state. Guna district which lies 
in the north-western (NW) part of the state has mainly rain-fed agriculture and has 
been selected for characterization and prioritization of watersheds. The study has been 
carried out using multiple-temporal IRS satellite data of 1989 and 2001. The satellite 
data has been visually interpreted to derive thematic maps on drainage, land use/land 
cover, soil, geology, geomorphology etc. An attempt has been made to integrate the 
results obtained through the morphometric and land use/land cover analysis to find 
out critical watersheds and their sub-watersheds which require immediate intervention 
for soil and water conservation. The work has been suitably divided into chapters on 
introduction, study area, data sources and methodology, morphometric analysis, land 
use/land cover analysis and prioritization of watersheds. 
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STUDY AREA 
CHAPTER - II 
STUDY AREA 
2.1 General Statement 
The study area lies in Guna district, which is situated in the north-western 
fringe of Madhya Pradesh state at a distance of about 210 km from the state capital, 
Bhopal. It is bounded by Shivpuri district in the north and Lalitpur district of Uttar 
Pradesh in the east. Sagar, Vidisha and Bhopal districts of Madhya Pradesh form the 
southern boundary. Rajgarh district of Madhya Pradesh and Kota and Jhalawar 
districts of Rajasthan are in the west. The total geographical area of the district is 
11,065 km^ and is bounded between North latitudes 23" 45' to 25° 15' and East 
longitudes 76° 50' to 78" 20'. Guna districts headquarter is connected with Agra 
Bombay Highway (National Highway-3) and Western Railway's broad gauge railway 
line of the Kota-Bina section, which provides all weather communication. It is well 
connected by road and railway with other parts of the state. Lying mid way between 
Gwalior in the north and Indore in the South the two big industrial and commercial 
centers on the National Highway it has important industrial units namely National 
Fertilizers Limited, Gas Authority of India Limited and Deepak Spinners Limited. 
Bajranggarh is the only historical place situated at a distance of 7 km south of Guna 
city, where a Bhadora fort presents a landmark feature of the area (www.guna.nic.in). 
It is divided into five lehsils namely, Guna, Mungawali, Ashoknagar, Raghogarh and 
Chachuda (Figure 2.1). 
The actual study area lies in Guna tehsil and extends from 24" 30' to 24" 45" 
North latitudes and 77" 15' to 77° 30' East longitudes, covering an area of about 
569.75 km". Major part of the study area lies in Survey of India (SOI) Topographic 
map 54H/6 on 1:50.000 scale, however some smaller parts lie in adjacent topographic 
maps i.e. 54H/2, 54H/5 and 5411/7. Figure 2.2 represents base map of the study area. 
Total population of the Guna district as per 2001 census is 19,55,654, spread over 
2069 inhabited villages and towns with a population density of 176 persons per sq. 
km. The population density is higher in the fertile plains, and is therefore, an indirect 
indicator of the quality of natural resources available. The highest population density 
is reported from Guna block, because of urban area and being the district headquarter. 
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Figure 2.2: Map showing major features of the study area 
Population showed a ncl increase of about 80.4% during the last census decade (1991-
2001). Guna has an average literacy rate of 67%, higher than the national average of 
59.5%i, male literacy rate is 75%, and female literacy rate is 57%o (www.guna.nic.in). 
2.2 Climate and Topography 
Based on the Thornthwaite system of climate classification, Guna district falls 
under tropical dry having sub-humid climatic type which is characterized by a hot 
summer and well distributed rainfall during the south-west monsoon. Monsoon 
generally breaks by 15'^  .lune and withdraws by the last week of September. 
2.2.1 Temperature Trends: 
The temperature data of Guna district (1986 ~ 2003) obtained from Indian 
Meteorological Department (IMD), Pune, was divided into three seasons viz., summer 
(March, April, May & October), winter (November, December, January & February) 
and monsoon (June, .luly, August & September).The trends computed for annual 
average maximum and minimum show an increasing trend from 1986 to 2003, for all 
three seasons, except for 1995 - 1997 which exhibit a decreasing trend in both 
maximum and minimum temperatures (Figure 2.3a & b). It was found that during 
1986-2003 period the maximum daytime temperature has increased by 1.62"C, 1.83^ *0 
and 0.15"C during summer, winter and monsoon seasons respectively. Whereas 
minimum nighttime temperature has also increased by 1.03 C, 1.57 C and 0.97"C 
during summer, winter and monsoon seasons respectively (Table 2.1). However the 
trends of maximum and minimum temperatures show an abrupt plunge in 1996 and 
1997 years might be due to drought years. Higher temperatures of 38°C and above are 
recorded during summer months of April to .lune, with May being the hottest month, 
often recording a maximum temperature of 42°C. December and .IcUiuary are the 
coldest months with an average minimum temperature of about 8°C. 
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Table 2.1: Variation in seasonal average maximum and minimum temperatures 
Years 
1986 
1987 J 
1988 
1989 
1990 
1991 
1992 
1993 1 
1994" 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2062 
2003 
Difference 
(1986-2003) 
(1986-2003) 
Maximum (°C) 
Summer 
1 36.08 
35.85 
36.83 
36.73 J 
35.53 
36.55 
36.23 
36.48 
37.03 
35.78 
[ 36.05 ' 
31.03 
35.88 
3~6"68 
36.75 
"37.25 ] 
"' 38.90 '^ 
37.70 
1.62 
Winter 
26.40 
^ 26.95 
Monsoon 
33.15 
35.20 
[ 27.80 1 33.03 1 
27.38 33.55 
27.68 I 31.28 ' 
26.93 
27.35 
28.25 
27. r 5 ' 
[ 26.18 
25.30 
25.60 
'26?i0 
26.08 
27.65 
28.83 
28.60 
33.75 
34.55 
33.18 
31.95 
' 34.08 
32.95 
26.15 
33.68 
32.25 
^ 33.05 1 
33.15 
1 35.00 
28.23 I 33.30 
1.83 ! 0.15 
L . 
Minimum ("C) 
Summer 
20.20 
20.55 
L 21.35 
L' 20.28 
20.75 
20.50 1 
20.68 1 
20.73 
20.73 J 
20.68 
19.35 
17.25 
20.78 
21.03 
21.28 
21.58 
22.35 
21.23 
1.03 
Winter 
10.63 
10.30 1 
10.78 
10.60 
11.75 
11.15 
'10 .58 
10r60 
11.00 
^ 10.45 j 
9.17 
11.27 
10.80 
11.03 
10.93 
11.35"' 
•" 12.23 
12.20 
1.57 
Monsoon 
23.63 
24.83 
24.38 
23.73 
23.78 
24.43 
24.55 
24.00 
23.55 
I 24.18 
-
13.25 
24.45 
24.13 " 
^ 24.18 
24.00 
24.75 1 
24.60 
0.97 
2,2.2 Rainfall Trends: 
The rainfall data analysis has shown a significant variation in average annual 
rainfall as indicated by zig-zag trend of 1986-2003 period. The following regression 
relationship was established between average annual rainfall and year: 
Average rainfall (y) - -12.163* year + 936.93 
the equation, indicates a declining trend in average annual rainfall. Its slope of -
12.163 would translate into a total decline of about 186.93 mm in average annual 
rainfall during the 1986-2003 period. The maximum and minimum rainfall recorded 
in Guna is 1338.7 mm in 1990 and 83.1 mm in 1996, respectively (Table 2.2). The 
standard deviation of annual rainfall is about 301.58 mm with a coefficient of 
variation of 36.72%. 1996 might have been a drought year because the year has 
recorded lowest rainfall of 83.1mm (Figure 2.4). Annual average rainfall is about 821 
16 
mm with July and August being the wettest months. Almost 92% of the annual 
rainfall is received during the monsoon months viz., June to September. Only 6.5% 
and 1.5% of the annual rainfall takes place during winter and summer seasons 
respectively. Hence from October to May only 8% of the annual rainfall occurs 
(Khanday and Javed, 2008). 
During the south-west monsoon season, the relative humidity is generally 
high. The maximum relative humidity (88%) is observed during the month of August. 
Hvimidity decreases in the post monsoon season. Summer remains the driest part of 
the year with humidity as low as 27% or even less during the month of April. The 
average annual hvimidity is about 61% (Singh et al., 2002). 
y = -12.163x-I-936.93 
1986 1988 1990 1992 1994 1996 1998 2000 2002 
Years 
Figure 2.4: Declining trend of average annual rainfall during 1986-2003 
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Tabic 2.2: Variation in annual rainfall (1986-2003), 
Years 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
" 1995 
' 1996 
1997 
1998 
1999 
2000 
^ 2001 ' 
" 2002 ^ 
' 20037' 
lota 
Rainfall (mm) 
(X) J 
805.60 
" "1024.40 " 
[ 818.30 
734.80 
133X70 
672.40 
679.00 
T043.OO 
1286.00 
1123.00 
83.10 
371.50 
679.00 
901.00 
960.00 
910.00 
478.00 
877.00 
1- 14785 
(X-X') 
-15.78 
^103.02 
-3.08 
-86.58 
517.32" 
-148.98 
-142.38 
221^62 ] 
464.62 ' 
301.62 ^ 
-738.28 ] 
-449.88 ' 
-142.38 
79.62 
138.62 " 
88.62 
"-343.38 
55.62 
'1 
{X-X'f 
248.94 
41218.00 
9.47 ^^ 
7495.71 
267622.00 
' 22194.40 ' 
20271.40 
'49116.40 " 
215874.00' 
90976.00 
545054.00' 
202390.00 
20271.40 " 
6339.70 
'19216.10 
7853.90 " 
'117908.00 
3093.83 
- 1637153.79 
Average (X') - 821.38 
Standard deviation "- V (X ^ N) - 301.58mm 
N is number of years 
Coefficient of variation Standard deviation X 100 = 36.72% 
Average 
2.2.3 Physiography: 
Guna district is considered the gateway of Malwa and is located on the north-
eastern part of Malwa Plateau, Madhya Pradesh. Malwa Plateau is a type of plateau of 
volcanic origin in western part of the Madhya Pradesh which forms a large part of the 
region of Malwa and hence the name. I'he average elevation of the Malwa Plateau is 
500 meters, and general slope of the area is towards the north. Situated in the northern 
part of the Malwa plateau, (juna district presents two distinct physiographic features. 
The northern part is interspersed with the Vindhyan ranges whereas the southern one 
is in continuation of Malwa plateau. The central part of the district is most gently 
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plain surface which is cultivated. The district has been endowed with few deposits of 
bauxite, sandstones, basalts, laterites, building stones etc. 
2.2.4 Elevation: 
The elevation data was derived from SRTM data. The maximum and 
minimum elevations encountered in the study area are 555 m and 425 m above mean 
sea level (MSL) respectively. The Digital Elevation Model (DEM) is generated from 
SRTM data provides a general topographic view of the study area. It shows high to 
moderate relief (between 490 555m above MSL) in the north-south, south-east and 
south, however it represents a gentle slope and plain area in the north. South-west, 
north-west and eastern parts show low relief where elevation values are between 425 
- 490m above MSL (Figure 2.5). 
The digital elevation model generated through SRTM data reveals that higher 
elevations ranging from 515 559 m above mean sea level are associated with 
denudational hills in the western, northern and south-western parts of the area. The 
elevation range of 471 515 m above mean sea level is mainly confined to the 
Deccan Plateau, which is dominant geomorphological unit. The elevation ranging 
from 442 471 m above mean sea level is mainly associated with alluvial plains, 
which are mostly confined to the banks of Sind river and its tributaries in the eastern, 
north-eastern and south-eastern parts of the study area. 
2.2.5 Slope : 
The slope in the study area varies from 0° to 15°, categorized into five classes 
of equal intervals i.e. very gentle (O" to 3"), gentle (3" to 6^ ) moderate (6" to 9°), steep 
(9" to 12*') and very sleep (12 lo 15 ). The slope map (Figure 2.6) shows very steep 
slopes (12 to 15*) in south and south-western parts only, however steep slopes (9 to 
12'') are present in north, north-western and south-eastern parts, whereas gentle slopes 
(3 to 6°) are predominant in eastern parts of the study area. The data indicates that a 
major part of the study area (96%) falls under very gentle slope, 2.26% has gentle 
slope, 1.30% land has moderate, 0.28% land has steep slope, whereas, only 0.16% 
area has very steep slope. 
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Figure 2.6: Slope map of the study area 
2,3 Geology 
The geology of Guna district is represented by varied litiiological units from 
Precambrian to Recent. The area was extensively mapped by Painfold (1869), 
Medlicott (1875) and Jones (1910). The generalized geological succession in the 
district is as follows: 
Table 2.3: Geology of Guna district 
Age 
Recent or Pleistocene 
Lower Eocene 
Upper Cretaceous 
Cretaceous 
Precambrian 
Archean 
Geological Formation 
Alluvium 
Laterite 
Deccan Traps 
Infra Traps (Lametas) 
Lower Bhander Sandstone 
Lower Rewa Sandstone 
Panna Shales 
Kaimur Sandstone 
Bundelkhand Granite 
Lithology 
Sand, Silt. Clay. 
Kankar and Boulders 
Laterite 
Basaltic Lava Flows 
Sandstone, Limestone 
Shales and Sandstones 
Medium to coarse 
grained Granite 
(After Sharma, 1985) 
The following lithological units are exposed in the study area: 
2.3.1 Deccan Traps: 
Basaltic Lava flows of Deccan Traps constitute one of the major geological 
formations in the study area. These lava flows predominantly belong to simple and 
"aa" type. The simple types of flows have different sub-units consisting of massive 
basalt, vesicular and zcolitic basalt, whereas "aa" type has massive and vesicular units 
except with a highly fragmented top most portions. It is formed due to out-pouring of 
enormous lava tlows towards the end of Mesozoic Era which was spread over vast 
areas and flows piled up one over the other (Deshpande, 1998). The flows are 
horizontal to sub-horizontally bedded, very hard and are greenish gray in color. 
The traps arc characterized by flat topped hills and step like terraces, which 
results due to variations in hardness of different flows. Three successive basaltic 
flows with an average thickness of 23 meters are exposed in the study area. The 
unweathered variety exhibit dark blue or greenish grey color, hard and compact used 
as an excellent building material. The trap gives rise either a deep brown to rich red or 
to regular black cotton soil which is found in the tract of Deccan traps (Singh et al., 
2002). The flows arc generally hard and compact, but soft vesicular varieties with 
minor cavities flUed with secondary quartz, calcite and zeolite are also present (GSl, 
1986). Figure 2.7 shows the geological map of the study area, 'fhe image 
characteristics of first flow include red tone where cultivated, grey tone for 
uncultivated land, smooth to coarse texture, regular to irregular outline, and sharp 
contact with alluvium, fhe second flow is recognized on FCC by its red tone for 
cultivated land, grey for uncultivated land, dark red/brown and greenish for dense and 
open forest, smooth to coarse texture, regular to irregular outline with relatively high 
relief zones and sharp contact with flrst flow. The third flow exhibits red tone for 
cultivation, grey tone for uncultivated land and greenish tone for open forest, smooth 
to coarse texture, regular to irregular outline, relatively low relief zones and sharp 
contact with second flow. 
2.3.2 La te rite: 
The lateritic formation occurs on the top of basaltic lava flows, as 
disconnected patches of capping on hillocks. The top of laterite is hard, red colored 
rock followed by clayey zone and leached out silica in the form of chert. Most of the 
laterite is exposed in the north-western and south-western parts of the study area, 
especially in and around Guna town and along the railway tract, however some 
exposures are also found in the east. Laterite has been formed due to the weathering 
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Figure 2.7; Geological map of the study area (Source: irrigation Department, Govt, of M.P.) 
of the trap and is, therefore, primary in nature. Laterite is also formed due to the 
tropical alteration of rocks under conditions of most tropical climate alternating with 
wet and dry seasons and good drainage (Singh et al.. 2002). Laterite is recognized on 
FCC by its red tone for cultivated land, grey for uncultivated land, pinkish to Hghl 
yellow for open scrub and light tone for wasteland. It possesses smooth to rough 
texture with irregular boundary outline. 
2.3.3 Alluvium: 
It is the youngest geological unit in the study area limited in occurrence and 
extent, and confined to the fiood plains of rivers and streams. It consists of finer 
siliceous debris washed away from the hills. The alluvium of Quaternary age 
consisting of fine to coarse grained sand, gravel, silt, clay and kankar, yellowish 
brown and clayey loam, containing kankar nodules. Alluvium is best suited for 
cultivation, which is found along the banks of rivers and streams (Singh et al., 2002). 
Alluvium exhibits red tone for cultivated land, smooth texture and regular to sub-
regular boundary, gentle slope and low drainage density on FCC data. 
2.4 Geomorphology 
The study area has three geomorphic units viz., alluvial plain, denudational 
hills and deccan plateau. Figure 2.8 shows geomorphological map of the area initially 
derived from published geomorphological map of Guna district, prepared by remote 
sensing application center, IJttar Pradesh and correlated with FCC data. 
2.4.1 Alluvial Plains: 
Alluvial plains in the study area constitute about 8.25% area and 
predominantly occur along the Sind river and its tributaries in the eastern and north-
eastern part of the study area, 'fhe alluvium composed of gravel, sand, silt or clay 
sized unconsolidated material over a fiat, gently undulating land surface. Extensive 
agricultural practice is the dominant land use activity, however at some places open 
scrub has also been reported. The image characters of alluvial plains include bright 
red tone for cultivated land, whereas white/grey for uncultivated land, smooth texture, 
sharp contact, curvilinear outlines and contiguous pattern. The drainage is dendritic to 
sub-dendritic in nature with low drainage density. 
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Figure 2.8: Geomorphological map of the study area (Source: RSAC, U.P.) 
2.4.2 Denudational Hills: 
Denudationcil hills cover 13.39% area and are exposed in the northern and 
southern parts of the study area. Lithologically, denudational hills are composed of 
basalts of deccan traps, which are highly Jointed and fractured, show weathering at 
few places. Denudational hills exhibit dark red/brown tone if densely forested, 
greenish if it has open forest, greenish to brownish if barren rock. The other characters 
include wooly texture, isolated pattern, association with high relief zones and sharp 
contact with Deccan Plateau. 
2.4.3 Deccan Plateau: 
Deccan plateau is the dominant geomorphic unit covering an area of about 
77.82%. Lithologically it is composed of basalts of deccan traps, show joints and 
fractures, They occur on undulating topography and extensive cultivation is the 
dominant land use activity. Ground water occurrence in the deccan plateau is 
moderate to good along fractures and weathered zones. The image characters of 
Deccan Plateau include red tone for cultivated land, grey for uncultivated land, 
greenish for open forest, pinkish to light yellow for open scrub and light tone for 
wasteland. Smooth to coarse texture, dendritic to sub-dendritic drainage pattern, low-
to moderate drainage density, high resistance to erosion are some of the other image 
characteristics. 
2.5 Hydrogeology 
Basaltic flows of Deccan Traps are exposed in the north-western, eastern and 
south-eastern parts of the area. Ground water occurs under phreatic as well as semi-
confined to confined conditions. The weathered, fractured and jointed basalts form 
aquifers at different levels. The withdrawal from the aquifers takes place through dug-
wells and bore-wells, fhe yield of aquifers depends on the degree of weathering and 
fracturing and ranges from 1.00 to 5.00 Ips (liter per second) (Singh et al., 2002). 
However. Mydrogcological map of hidia (CGWB, 1998) shows yield of aquifers in 
the deccan traps less than 5.00 Ips. Ground water occurs under water table condition 
in areas occupied by laterite and alluvium. However, these formations have limited 
aerial extent. The depth to water level in areas underlain by alluvium and laterite vary 
from 3.84 to 18.94m bgl in pre-monsoon season (Singh et al., 2002). 
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2.6 Drainage 
Guna district forms part of the Sind river sub-basin which is an important 
tributary of Chambal River basin. Major streams of the area flow towards north and 
north-west, because of higher plateau in tlie south and general slope towards the north 
(Singh etal., 2002), 
The Sind river in the east of district, enters from the adjoining Vidisha district 
and flows almost south to north for a length of 21.45 kms. Main tributaries of the Sind 
river are Senduwa nadi, Kanera nadi, Ghura nala and Niwari nadi (Figure 2.9). There 
are two surface water bodies present in the form of reserviors in the south-western and 
north-western part of the study area, which primarily serve as the source for irrigation 
purposes. The Makhawan dam in the north-western part of the area is an earthen dam 
and constructed on the Nigri Nadi in 1967, 
The Gopi Krishna Sagar Dam is in the south-western part of the study area, is 
also an earthen dam built on the Chopan Nadi, in 1995, It serves nearby industrial 
units i.e. National l-'crtili/.er Limited (NFL), Gas Authority of India Limited (GAIL) 
and G.P. Engineering College. Apart from these, there are some small check dams 
with limited aerial extent which serve as irrigation sources for the rainfed agriculture. 
2.7 Agriculture and Soils 
Agriculture is the mainstay of the local people and the main crops grown in 
the area are Moong, Jowar, Maize, Rice, Wheat, Gram, Mustard etc. Soyabean crop 
has lately assumed great significance among the progressive farmers. Sugarcane and 
vegetables are grown where irrigation is assured. Agriculture is mainly rainfed and 
the district has very few sources of irrigation. Never the less Gopi Sagar Krishna dam 
and Makhawan dam apart from some other small check dam/bandh have somehow 
boosted the irrigation resulting in higher agricultural production. The area under 
different crops in hectares are 18474 (Wheat), 143 (Rice), 8823 (Jowar), 3581 
(Maize). 125 (Others), l-'armers take two crops in a year, i.e. Kharif (June - October) 
and Rabi (October April). 
The soils of the study area can broadly be divided into four groups (Anon, 
2000). Lithic Haplustepts occupies only 6.88% of the study area and the thickness of 
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Figure 2.9: Major streams and surface water bodies in the study area 
this type of soil varies irom 0cm to 25cm, hence it is shallow type of soil with well 
drained, clayey soil found on very steep slopes. Typic Haplustepts occupies 28.50% 
of the area, and its thickness ranges from 25cm to 50cm, it is a moderate type of soil 
with well drained loamy soil found on steep to very steep slopes. Typic Haplusterts 
covers an area of about 32.81%, and its thickness varies from 50cm to 75cm, it i.s 
moderate to deep, with moderately well drained fine soil found on gentle slopes. 
Chromic Haplusterts occupies 31.81%), the thickness is more than 75cm and is a type 
of deep soil, with well drained to moderately well drained, fine soils reported from 
very gentle slopes, 'fhc above soil type data indicates that the deep soils (Chromic and 
Typic Haplusterts) occupy 64.62% of the total area, whereas, moderate (Typic 
Haplustepts) and shallow (Lithic Haplustepts) occupy only 28.50% and 6.88% area 
respectively. Figure 2.10 shows soil map of the study area. 
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Figure 2.10: Soil map of the study area (Source: Anon, 1990) 
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DATA SOURCES AND METHODOLOGY 
3.1 Data Sources 
The present study has been carried out with the following set of primary and 
secondary data which were collected and utilized to generate new information on 
various parameters. The data include both spatial and non-spatial, which were made 
compatible to be used and analyzed in GIS domain. 
(a) Survey of India (SOI) topographic map numbers 54 H/2, 54H/5, 54 H/6 
and 54H/7 on 1:50, 000 scale, surveyed in 1982-1983, were obtained from Survey of 
India, New Delhi, and utilized for base map preparation. The rclevaiat information on 
villages/town, elevation, contour lines, drainage network, watershed boundaries, 
major road and railway network were extracted from the toposheets. Though the 
major part of the study area lies in 54H/6 but some parts also fall in adjacent 
toposheets i.e. 5411/2. 11/5 and M/7. 
(b) The following set of IRS data was procured from National Remote 
Sensing Agency (NRSA). Hyderabad. 
(i) Standard Geocoded False Colour Composites (FCCs) of Indian Remote 
Sensing satellite (IRS-IA) pertaining to Linear Imaging Self Scanning (LISS II) 
sensor, (Path-Row: 28-50) and falling in sub-scene A2 correspond to 8'^  February, 
1989 having a spatial resolution of 36.25 meter. Figure 3.1 shows IRS-IA LISS II 
(FCC) of 1989. 
(ii) IRS-ID LISS III FCC (Path-Row: 97-54) of 27"' February, 2001 having a 
spatial resolution of 23.5 meter. Figure 3.2 shows IRS-ID LISS III (FCC) of 2001. 
The multi-date IRS data was utilized for generating primary information on various 
parameters of the watersheds i.e. land use/land cover, drainage, geology, 
geomorphology, soil etc. The satellite data (1989 and 2001) correspond to nearly the 
same period/season so as to minimize seasonal variations in spectral 
reflectance/signatures. 
(c) Meteorological data observed and recorded for Guna district in respect of 
annual average maximum and minimum temperatures and annual average rainfall for 
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Figure 3.1: IRS-IA LISS II FCC data of 1989 
Figure 3.2: IRS-ID LISS III FCC data of 2001 
the period 1986 - 2003 were obtained from India Meteorological Department (IMD), 
Pune. 
(d) Shuttle Radar Topography Mission (SRTM) data of 90 meter resolution 
was downloaded from the website (http://www.srtm.csi.cgiar.org) for generating 
Digital Elevation Model (DEM) and slope of the study area. 
(e) Besides, the secondary information/data were collected and utilized 
wherever required, including the following: 
(i) Soil Resource Atlas of Guna district, Madhya Pradesh 2000, published by 
Department of Agriculture. Government of Madhya Pradesh. 
(ii) Geomorphological map of the Guna district, prepared by Remote Sensing 
Application Center, (RSAC) Uttar Pradesh. 
(iii) Geological map of Guna block of district Guna, obtained from Irrigation 
Department. Government of Madhya Pradesh. 
(iv) Report on Hydrological Frame Work and Development Prospects of Guna 
district, Madhya Pradesh, provided by Central Ground Water Board. Bhopal. 
(v) District Statistical Handbook, 2006 and District Census Handbook, 2001, 
obtained from Collectorate Office, Guna district, Madhya Pradesh. 
(vi) Published research papers, technical reports, special volumes and memoirs 
of Geological Society ol' India, and information from other government and non-
government sources were consulted. 
(f) The softwares utilized for the present study include Arc-GlS, Geotrans 2.3 
version (http://earth-info.nga.mil/gandg/geotrans/). Georeferencing software 
(http://www.mapwindo\v.org/download.hph'^show details-17), 3DEM 
(http://www.visuali/ationsoftwarc.com/3dem.html), and SACJA 2.0 version 
(http://www.saga-gis.uni-goettingen.de/html.index.hph). The last four softwares are 
open source softwares. Arc-View (3.2 version) has been used for data input, editing 
and output generation. The infrastructural facilities available in the Remote Sensing 
and GIS lab iT the Department of (jeology, Aligarh Muslim University, Aligarh were 
availed during the course of study. 
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3.2 Methodology 
A systematic approach involving multiple steps was followed to carry out the 
present work. It includes preparation of base map, demarcating watershed boundaries, 
generation of thematic maps using satellite data, ground truthing, morphometric and 
land use analysis and finally prioritization of watersheds. Figure 3.3 shows major 
steps followed for the study. 
3.2.1 Preparation of Base Map: 
Base map was prepared on a tracing sheet (Mylar) using Survey of India (SOI) 
topographic maps on 1:50.000 scale representing 15' x 15' area. The basic 
information such as latitudes, longitudes, major roads, railway line, important 
towns/city, major rivers and streams were plotted on the base map. The base map was 
then overlaid on the IRS geocoded FCC so that the important features on the base 
map overlap with features on the FCC. The base map was used as a key map for 
subsequent thematic mapping based on remote sensing data. 
3.2.2 Drainage Delineation and Morphometric Analysis: 
The study of drainage parameters is important as it plays a vital role in 
watershed management and planning irrigation and industrial development of an area 
(Javed, 1995). Drainage is controlled by climate, rainfall, lithology, slope, topography 
etc. (Melton, 1957). Ihe drainage network was initially derived from SOI topographic 
maps on a tracing sheet (Mylar) and subsequently updated using IRS-ID LISS III 
FCC. The drainage map was scanned and geo-referenced with respect to the 
topographic maps and was subsequently imported in Arc-OIS software for digitization 
and creation of drainage layer. Raster to vector conversion was carried out using 
module available in Arc-(1IS and drainage was created as line coverage, assigning 
unique ids for various stream orders (T' order, 2"'' order, 3"* order and so on). The 
morphometric parameters such as stream number (Nu), stream order (u), cumulative 
stream length (Luc), mean stream length (Lsm). stream length (Lb), basin area (A). 
bifurcation ratio (Rb), drainage density (D), stream frequency (Fs), drainage texture 
(Rt), relief ratio (Rh), basin shape (Bs), compactness coefficient (Cc), form factor 
(Rf), circularity ratio (Re), elongation ratio (Re), length of overland flow (Lg) and 
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Figure 3.3: I'low chart showing steps followed for the study 
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constant of channel maintenance (C) were computed using standard methods and 
formulae (Morton, 1932, 1945; Miller, 1953; Schumn, 1956; Strahler, 1957, 1964; 
Chopra et al, 2005; Nooka Ratnam, 2005; Solanke et al., 2005). 
The input values such as area of the watershed, perimeter, maximum basin 
length, difference in relief etc. were computed in GIS using digitized map. 
3.2.3 Delineation of watersheds and sub-watersheds: 
The elevation value being the basic requirement for delineation of watersheds 
is given the highest priority for the demarcation of watershed and sub-watershed 
boundaries, which involved deriving information on drainage network first order 
stream onwards (Dwivedi et al., 2006). The watershed boundaries were demarcated 
on the basis of contour value, slope, relief, and drainage flow directions using 
topographic maps. Fhis was achieved by picking up, initially, some details on both 
natural as well as cultural features from topographical maps followed by updating 
information using IRS I.ISS III l-CC. The study area was demarcated into six 
watersheds namely Chopan, Makhawan, Niwari, Ghura, Kanera and Sanduwa 
watersheds. Ghura is the smallest watershed covering an area of about 34.57 km ,^ 
whereas Makhawan is the largest measuring an area of about 163.30 km . Each 
watershed was further subdivided into sub-watersheds (SW) and were designated as 
SWl to SWn. without any chronological connotation. 
3.2.4 Land use/land cover mapping and change analysis: 
Standard visual image interpretation method based on photographic 
recognition elements such as tone, texture, size, shape, pattern, association and field 
knowledge was followed to identify and delineate land use/land cover categories on 
remote sensing data. I'he land use/land cover mapping was based on multi-temporal 
data of IRS lA LISS II of 1989 and IRS ID LISS III of 2001. First the details from 
the base map were transferred onto the tracing film, which was superimposed on IRS 
FCCs of 1989 and 2001 to delineate land use/land cover categories. Land use/land 
cover categories such as cultivated land, uncultivated land, dense forest, open forest, 
open scrub, wasteland, water body, rocky area, built up land and fort were delineated 
on the basis of image interpretation. The IRS data with spatial resolutions of 36.25 m 
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for LISS II and 23.5 m for LISS III, enabled delineation of land use/land cover 
categories up to level-Il (Anderson et al.. 1976). Limited ground truth verification was 
carried out in February 2006 and 2007, to check the veracity of remote sensing data 
and spectral signatures, since IRS data pertain to the same season/month. Degree of 
doubts and confusion in the pre field interpretation were eliminated during ground 
truth surveys. Subsequently the maps were finalized after the necessary 
changes/corrections in a few land use/land cover categories. 
The watershed and sub-watershed boundaries were transferred on the land 
use/land cover maps to facilitate analysis at watershed level. The land use/land cover 
details of 1989 and 2001 for all the six watersheds were imported to ARC GIS 
software for digiti/alion and spatial analysis. Each land use/land cover category was 
assigned a unique id in the polygon coverage. The polygon coverage was then 
projected and transformed using sub-modules available in Arc-View 3.2 version. 
Polygon topology was built after editing and cleaning and area under each category of 
land use/land cover was calculated both, in square kilometers as well as in percentage. 
Land use/land cover change information can be obtained by either image to 
image comparison or map to map comparison (Green et al., 1994). Image to image 
comparison involves subtracting two images. It does not give detail information of 
how the changes in particular land cover or land use taking place. In map to map 
comparison, first images are to be classified and map is to be generated to compare. 
As map to map comparison gives complete detail of land use/land cover changes, it is 
generally preferred, and hence for the present study map to map comparison was 
followed for land use/land cover change analysis. 
3.2.4.1 Geo-referencin«: 
The thematic maps generated from visual interpretation of satellite data were 
geo-referenced with the help ol' ground control points (GGPs) obtained from Survey 
of India (SOI) topographic maps. I'hc maps were projected in L'niversal Transverse 
Mercator (UTM) projection, taking World Geodetic System (WGS84) as the datum. 
The study area lies in lifM /.one 43 North. Lor geo-referencing, the latitudes and 
longitudes oi' a reference map were converted into X, Y co-ordinates, and the 
corresponding X-Y co-ordinates were transferred on the map. 
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3.2.5 Digital Elevation Model and Slope: 
Shuttle Radar Topography Mission (SRTM) is a unique mission dedicated for 
generating an accurate Digital Hlevation Model (DEM) and was successfully launched 
on February 11, 2001 by NASA (see reference: X-SAR/SRTM mission, 1998). The 
digital elevation data for the study area was downloaded from the NASA-NGA 
SRTM (Shuttle Radar Topography Mission) processed dataset freely available from 
CGIAR CGNET server in California (http://srtm.csi.cgiar.org/SRT-
ZIP/SRTM Data GeoTii'f) via the Google Harlh KML interface. The data is available 
as 5x5 degree tiles in zipped ArcASCll and zipped GeoTIFF formats and as 1x1 
degree tiles in zipped ArcASCll format, fhe coordinate system of the digital 
elevation data is geodetic (i.e. latitude and longitude), horizontally referenced to 
WGS84 datum and vertically referenced to WGS84 EGM 96 Geoid. The horizontal 
resolution oi^ the data is 30 meters that has been downscaled to 90 meters (at the 
equator) for free distribution to the global scientific community, fhe horizontal and 
vertical accuracy has been reported to be less than 20 and 16 meters respectively. The 
5x5 degree tile in (jeo'flFl' format was imported in 3DF]M software and cropped to 
the limits of the study area. Since the tiles are available in geodetic coordinate system, 
the cropped tile was transformed into UTM projection (zone 43 North). The desired 
area was subsequently imported into SAGA software, taking the whole study area 
boundary in the .shp format as inputs for extent of limits of the study area. The 
watershed boundary was overlaid on the imported SRTM file a color coded Digital 
Elevation Model was generated. 
I'aking the Digital Elevation Model (DEM) as inputs for the creation of slope 
map of the area, a command was given in SAGA software through module, terrain 
analysis and standard terrain analysis, an automatic slope map was created which 
shows slope ranges from O" to 15". The slope map was then imported into the Arc-GIS 
software in ASCII format for the creation of five categories of the slope of equal 
intervals viz; very gentle (O" to 3"), gentle (3" to 6") moderate (6° to 9"), steep (9^ * to 
12") and very steep (12" to 15"). 
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3.2.6 Prioritization of Watersheds: 
Morphomciric and land use/land cover analysis was taken into consideration 
for prioritization of watersheds. The six watersheds and their sub-watersheds have 
been prioritized on the basis of shape and linear parameters under morphometric 
analysis and change in land use/land cover categories. 
3.2.6.1 Basecicin_Morphometric Analysis: 
The morphometric parameters i.e. drainage density (D), stream frequency (Fs), 
length of overland flow (Lo), mean bifurcation ratio (Rbm), drainage texture (Rt), 
circularity ratio (Re), elongation ratio (Re), form factor (Rf), basin shape (Bs) and 
compactness coefficient (Cc) are also termed as erosion risk assessment parameters 
and have been used fbr prioritizing watersheds and sub-watersheds (Biswas et al., 
1999). The linear parameters such as drainage density, stream frequency, length of 
overland flow, mean bifurcation ratio, drainage texture, have a direct relationship with 
erodibility, higher the value, more is the erodibility. Hence for prioritization, the 
highest value of linear parameters was rated as rank 1, second highest value was rated 
as rank 2 and so on, and the least value was rated last in rank. Shape parameters such 
as circularity ratio, elongation ratio, form factor, basin shape and compactness 
coefficient have an inverse relationship with erodibility (Nooka Ratnam et al., 2005). 
lower the value, more is the erodibility. Thus the lowest value of shape parameters 
was rated as rank I, next lower value was rated as rank 2 and so on; the highest value 
was rated last in rank. Hence, the ranking of the watersheds and sub-watersheds has 
been carried out by giving highest priority/rank based on highest value in ease of 
linear parameters and lowest value in case of shape parameters. After ranking has 
been done based on every single parameter, the ranking values for all the linear and 
shape parameters o'i each watersheds and sub-watersheds were added up so as lo 
arrive at compound \alue (C'p). Based on average value of these parameters, the 
watersheds and sub-watersheds having the least rating value was assigned highest 
priority, next higher value was assigned second priority and so on. Cp value range 
was classified into three equal intervals so as to categorize watersheds into low, 
medium and high priority. 
3.2.6.2 Based on Land use/land cover Analysis: 
Common land use categories i.e. wasteland (WL), uncultivated land (UCI.), 
cultivated land (CL), dense forest (DF), open forest (OF), open scrub (OS) and water 
body (WB) in all the watersheds/sub-watersheds were considered for prioritization 
based on land use/land cover change analysis. The change in area under each category 
of land use during 1989-2001 period was converted in percentage and ranking was 
assigned on the basis of change in area under each land use category. The basic 
premise adopted for assigning positive and negative change is as under: 
Positive change increase in cultivated land/dense forest/open forest/open 
scrub/water body 
AND/OR 
decrease in wasteland/uncultivated land 
Negative change increase in wasteland/uncultivated land 
AND/OR 
decrease in cultivated land/dense forest/open forest/open 
scrub/water body 
For prioritization of watersheds/sub-walersheds the highest value (percent 
area) under land use categories showing negative change, i.e. increase in wasteland, 
uncultivated land or decrease in cultivated land, dense forest, open forest, open scrub 
and water body were rated as rank 1, second highest value as rank 2 and so on. 
However, lowest ranking was given to the highest value amongst the land use 
category showing positive change, i.e. decrease in wasteland/uncultivated land or 
increase in cultivated land/dense forest/open forest/open scrub/water body (Javed et 
al., 2008). Finally, the ranking under each land use category was added up so as lo 
arrive at compound value (Cp). Based on average value of land use categories, the 
watersheds/sub-watersheds having the least rating value was assigned highest priority, 
next higher value was assigned second priority and so on. Cp value range was 
classified into three equal intervals so as to classify watersheds into low, medium and 
high priority. 
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3.2.6.3 Integration ot'Morphometric and Land use/land cover Analysis: 
The results obtained From morphometric and land use/land cover analysis were 
correlated to find out the common watersheds/sub-watersheds falling under same 
priority i.e., high, medium and low. The thematic maps showing priority of 
watersheds/sub-watersheds on the basis of morphometric and land use/land cover 
analysis were superimposed in GIS to find out common watersheds/sub-watersheds 
under the same priority. The watersheds/sub-watersheds falling under high priority in 
both morphometric analysis and land use/land cover analysis were considered critical 
which require immediate conservation measures in terms of soil and water. 
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4.1 General Statement 
Surface drainage characteristics of many river basins and sub basins in 
different parts of the globe have been studied using conventional methods (Horton, 
1945; Strahler, 1952. 1957. 1964; Morisawa, 1959; Leopold and Miller, 1956; 
Krishnamurthy et al.. 1996). Morphometric studies of river basins involve evaluation 
of streams through measurement of various stream properties. River basins comprise a 
distinct morphologic region and have special relevance to drainage pattern and 
geomorphology (Strahler, 1957). Morton's law of stream lengths suggests a geometric 
relationship between the number of stream segments in successive stream orders and 
landforms (Horton, 1945). Evaluation of morphometric parameters necessitates 
analysis of various drainage parameters i.e. ordering of various streams and 
measurement of basin area, perimeter of basin, length of drainage channels, drainage 
density (D), drainage frequency (Fs), bifurcation ratio (Rb), drainage texture (Rt) and 
circulatory ratio (Re) (Kumar et al., 2000). 
Morphometric analysis provides quantitative description of the basin geometry 
to understand initial slope or inequalities in the rock hardness, structural controls, 
recent diastrophism, geological and geomorphic history of drainage system. Further, it 
is an important aspect of characterization of a watershed (Strahler, 1964). The 
drainage in a basin/sub-basin is largely governed by the bed rocks, soils and rock 
structures, and can be used to draw inferences about lithology, structure and soil 
types. The higher order streams are often controlled by the rock structures, while the 
behavior of the lower order streams and their inter-relationships provide information 
about nature of rocks and soils (Pandey, 2001). Systematic description of the 
geometry of a drainage basin and its stream channel network requires measurement of 
linear aspects of the drainage network, aerial aspects of the drainage basin and relief 
(gradient) aspects of channel network and contributing ground slopes. The linear and 
aerial aspects of measurement are planimetric in nature i.e., treat properties projected 
upon a horizontal datum plane, whereas relief aspect treats the vertical inequalities of 
the drainage basin forms (Chow. 1964). The pioneering work on the drainage basin 
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morphometry was carried out by Morton (1932, 1945), Miller (1953), Smith (19S4), 
Strahler (1964) and others. 
4.2 Remote Sensing and GIS in Morpliometric Studies 
Remote Sensing technique is a convenient method for morphometric analysis, 
since the satellite images provide synoptic view of a large area which help in 
delineating drainage network of a basin. Multi-spectral satellite data provides a 
convenient means to analyze drainage and distinct landform characteristics at various 
scales. Remote sensing coupled with GIS provides an efficient technique in 
determining the quantitative description of the basin geometry (Biswas et al., 1999). 
The high spatial resolution remotely sensed data coupled with topographic analysis 
makes morphometric analysis an effective method to understand and manage natural 
resources (Srinivasan. 1988). It provides real time and accurate information related to 
distinct geological formations, landforms and helps in identification of drainage 
channels, which are altered by natural factors or human induced activities. GIS is an 
effective tool to analyze spatial and non-spatial data on drainage, geology, landforms 
and soil parameters to understand their inter-relationships. Geo-coded resource 
database generated on drainage, landforms and soil parameters in the core of GIS 
provides an excellent means of storing, retrieving and analyzing at river basin level. It 
also provides a powerful mechanism not only to upgrade and monitor morphometric 
parameters but also to permit the spatial analysis of other associated resources 
database (Jain et al.. 1995). Integration of remotely sensed data with GIS is an 
efficient and widely accepted method in analyzing morphometric parameters and 
landform characteristics. 
In India, some of the recent studies on morphometric analysis using remote 
sensing technique have been carried out by Mishra et al., (1994) in lower Sind basin, 
marginal plains of M.P. and U.P; Nautiyal (1994) in Khairkuli drainage basin of 
Dehradun; Ravindran et al.. (1996) in Zuvari basin, South Goa; Srivastava (1997) in 
Jharia coalfield; Nag (1998) in Chaka sub basin of Purulia district of West Bengal', 
Srinivasa et al., (2004) in Pavagada area of Tumkur district, Karnataka. More 
recently. Chopra et al.. (2005) have carried out morphometric analysis of sub-
watersheds in Gurdaspur district, Punjab using remote sensing and GIS techniques. 
Sloanke et al.. (2005) attempted characterization and management of watershed using 
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remote sensing and GIS in Ganeshapur watershed of Nagpur district. Singh (2006) 
has recently carried out morpiiometric analysis in Vidarbha region. Bhatt et al., (2007) 
carried out morphometric analysis in Anandpur Sahib area, Punjab. 
Remote sensing data pertaining to IRS ID LISS III sensor have been utilized 
in drainage delineation and updation for the present study and subsequently 
morphometric analysis has been carried out at sub-watershed/watershed level. 
4.3 Morphometric Parameters 
The morphometric parameters are classified into linear aspects, aerial aspects 
and relief aspects. Linear aspects include stream order, stream length, mean stream 
length, stream length ratio, bifurcation ratio. Relief aspects consists of relief ratio, 
basin length, whereas aerial aspects include drainage density, stream frequency, 
drainage texture, basin shape, form factor, circularity ratio, elongation ratio, length of 
overland flow, constant channel maintenance, compactness coefficient and infiltration 
number. Quantitative assessment of these parameters has been carried out using 
standard mathematical formulae (Table 4.1). 
4.3.1 Linear Aspects 
Drainage parameters such as stream order, stream length, mean stream length, 
stream length ratio, and bifurcation ratio, are grouped under linear aspects and are 
discussed below: 
4.3.1.1 Stream Order (Nu): 
I'hc first step in drainage basin analysis is the designation of stream orders, 
following a system introduced by Horton (1945) and later modified by Strahlcr 
(1952). It is based on hierarchic ranking of streams proposed by Strahler (1964). The 
first order streams have no tributaries, the second order streams have only first order 
streams as tributaries. Similarly, the third order streams have first and second order 
streams as tributaries and so on. The trunk stream through which entire discharge of 
water and sediment passes is therefore the stream of highest order. Usefulness of the 
stream order system depends on the premise that on an average, stream order and 
stream number is directly proportional to the size of the contributing watershed, to 
channel dimensions, and to stream discharge at that place in the system. 
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Table 4.1: Morphometric parameters, and their formulae 
Morphometric Para meters 
Stream order (u) 
Stream length (Lu) _ 
Mean stream length (L-sm) 
Stream length ratio (RL) 
Bifurcation ratio (Rb) 
Mean bifurcation ratio (Rbm) 
Relief ratio (Rh) 
Drainage density (D) 
Stream frequency (Ts) 
Drainage texture (Rt) 
Form factor (RO 
Circularity ratio (Re) 
Elongation ratio (Re) 
Length of overland flow (l.g) 
Formula 
Hierarcha|[ranJ<_ 
Length of st^ reams 
Lsm Lu/Nu 
Where, Lsm ^ Mean stream length 
Lu Total stream length of order 'u' 
Nu = Total no. of streams segments of order 'u' 
RL = Lu/Lul 
Where, RL " Stream length ratio 
Lu = Total stream length of order 'u' 
Lul -' Total stream len^h ofjts next lower ordei^  
Rb Nu/Nul " 
Where. Rb - Bifurcation ratio 
Nu Total no. of stream .segments of order 'u' 
Nul = No. of segments of the next higher order 
Rbm 
Rh -'-
Strahler(1964) 
Average of bifurcation ratios of aM orders 
Constant channel Maintenance (C) 
Basin shape (Bs) 
Compactness coefficienl (Cc) 
1/Lb 
Where, Rh = Relief ratio 
H = Total relief (Relative relief) of the basin kilometer 
Lb = Basin length _ 
D - Lu/A 
Where, D - Drainage density 
Lu = Total stream length of all orders 
A Area of the basin (KiTT) 
l-s = Nu/A 
Where, Fs - Stream frequency 
Nu = Total no. of streams of all orders 
A = Area of the basin (Km') 
Rt - Nu/P 
Where, Rt ^ Drainage texture 
Nu Total no. of streams of all orders 
P perimeter of the basin (Kmj 
\U' A'l.b- ^ 
Where, Rf l-orm factor 
A Area of the basin (Km ) 
Lb' " Square of the basin length 
"RC= r2.57A/P^ 
Where, Re = Circularity ratio 
A ^ Area of the basin (Km') 
P' = Perimeter (Kmj 
Re (2/\7bY*'-J('A/P) ""'' "'' 
Where. Re Klongation ratio 
A - Area of the basin (Km) 
Lb Basin length 
l.g l'n*2 
Where, l.g - Length of overland flow 
D - Drainage density 
V i/D" ^ '_ ^ 'z rz ._ 
Bs Lb'/A^ 
Cc 02821P/A"'' 
Reference 
Horton(l94?) 
Strah"ler(1964) 
Horton(l94'^) 
Schumn (19.56) 
Strahler(1957) 
Schumn (1956) 
Horton(1932) 
Morton (1932) 
Horton(1945) 
Horton(1932) 
Miller (19<53) 
Schumn (1956) 
Morton (1945) 
Schumn (1956) 
Morton (1945) 
Morton (1945) 
(Chopra etal., 2005) 
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4.3.1.2 Stream Length (Lu): 
The stream length (IAI) is computed based on the law proposed by Horton 
(1945). It is the total length of streams of a particular order. The numbers of streams 
of various orders in a sub-watershed are counted and their lengths are measured. 
Generally, the total length of stream segments decreases with increasing stream order. 
Deviation from its general behavior indicate that the terrain is characterized by high 
relief and/or moderately steep slopes, underlain by varying lithology and probable 
uplift across the basin (Singh and Singh. 1997). In general when a logarithm of the 
number of streams of a given order is plotted against the stream order, the points lie 
on a straight line (Horton. 1945). 
4.3.1.3 Mean Stream Length (Lsm): 
The mean stream length (Lsm) of a channel is a dimensional property 
revealing the characteristic size of components of a drainage network and its 
contributing basin surfaces (Strahler, 1964). The mean stream length (Lsm) is 
calculated by dividing the total stream length of order 'u' by the number of stream 
segments of order 'u' (Srinivasa et al., 2004). As a general principle mean length of 
channel segments of a given order is greater than that of the next lower order but less 
than the next higher order. 
4.3.1.4 Stream Length Ratio (RL): 
Stream length ratio (RL) may be defined as the ratio of the mean length of an 
order to the next lower order of stream segment, llorton's law (1945) of stream length 
states that mean stream length segments of each of the successive orders of a basin to 
approximate a direct geometric series with streams length increases towards higher 
order of streams (Srinivasa et al., 2004). Florton's laws of stream numbers and lengths 
support the theory that geometrical similarity is generally preserved in basins of 
increasing orders. In other words, a basin of the third order would tend to be 
geometrically similar to the second order basins which lie within it, and these in turn 
would be similar to the first order basin within them (Chow, 1964). 
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4.3.1.5 Bifurcation Flatio (Rb): 
Bifurcation ratio (Rb) may be defined as the ratio of the number of stream 
segments of a given order to the number of stream segments of next higher order 
(Schumn, 1956). llorton (1945) considered bifurcation ratio as an index of relief and 
dissections. Strahler (1957) demonstrated that the bifurcation ratio shows a small 
range of variation for different regions or for different environment except where the 
powerful geological control dominates. If the bifurcation ratio is not same from one 
order to its next order, then these irregularities are dependent upon the geological and 
lithological development of the drainage basin (Strahler, 1964). 
Bifurcation ratios characteristically range between 3.0 and 5.0 for watersheds 
in which the geologic structures do not distort the drainage pattern. The theoretical 
least value of 2.0 is rarely approached under natural conditions. Since bifurcation ratio 
is a dimensionless property, and drainage systems in homogeneous materials tend to 
display geometrical similarity, bifurcation ratio shows only a small variation from 
region to region (Chow. 1964). The lower values of bifurcation ratio arc 
characteristics of the watersheds which have suffered less structural disturbances 
(Nag, 1998). 
4.3.2 Relief Aspects 
The relief aspects include drainage parameters such as relief ratio and basin 
length is discussed in the next section. 
4.3.2.1 Relief Ratio (Rh): 
Ihe elevation difference between the highest and lowest points on the valley 
floor of a watershed is known as the total relief of that watershed. The relief ratio (Rh) 
of maximum relief to horizontal distance along the longest dimension of the basin, 
parallel to the principal drainage line is called relief ratio and possesses a direct 
relationship with the channel gradient (Schumm, 1956). Relief ratio of a drainage 
basin is correlated with hydrological characteristics as it measures the overall 
steepness of a drainage basin and is an indicator of intensity of erosion processes 
operating on the slopes of the basin. The relief ratio (Rh) normally increases with 
decreasing drainage area and size of a drainage basin (Gottschalk, 1964). Higher Rh 
values indicate steep slope and high relief, whereas, lower values may indicate. 
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presence of basement rocks that are exposed as small ridges and mounds with gentle 
slope (GSl. 1981). 
4.3.2.2 Basin Lenmh (Lb): 
Basin length (Lb) is defined as the maximum length in a linear distance from 
the mouth of a stream to the farthest point on the watershed boundary of its 
basin/watershed (Khanday. 2004). 
4.3.3 Aerial Aspects 
The aerial aspects include drainage parameters such as drainage density, 
stream frequency, drainage texture, basin shape, form factor, circularity ratio, 
elongation ratio, length of overland flow, constant of channel maintenance and 
compactness coefficient. 
4.3.3.1 Drainage Density (D): 
Horton (1932) had introduced drainage density as an expression to indicate the 
closeness of spacing of channels. Thus drainage density is the ratio of total channel 
segment lengths cumulated for all orders within a basin to the basin area (Chow. 
1964). Drainage density (D) is considered as an important indicator of the linear scale 
of land form elements in stream eroded topography. Langbein (1947) recognized the 
significance of drainage density as a factor determining the time of travel by water 
and suggested that drainage density values between 0.55 and 2.09 km/km^ correspond 
to humid regions. Density factor is related to the climate, type of rocks, relief, 
infiltration capacity, vegetative cover, surface roughness and run-off index. Of these 
only surface roughness has no significant correlation with drainage density. The 
amount and type ol" precipitation directly influence the quantity and character of 
surface run-off An area with high precipitation such as thundershowers loses greater 
percentage of rainfall as run-off resulting in more surface drainage channels. Nag 
(1998) stated that low drainage density generally results in areas of highly resistant 
rocks or permeable subsoil material, dense vegetation and low relief Whereas high 
drainage density results due to weak or impermeable subsurface material, sparse 
vegetation and mountainous relief Low drainage density leads to coarse drainage 
texture whereas high drainage density leads to fine drainage texture. 
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4.3.3.2 Stream Frequency (Fs): 
Horton (1932) introduced stream frequency (Fs) or channel frequency as the 
total number of stream segments of all orders per unit area. Hypothetically, it is 
possible to have a basin of same drainage density that may differ in stream frequency, 
similarly a basin of same stream frequency may differ in drainage density (Chow. 
1964). Reddy et al. (2004b) stated that lower values of Fs indicate permeable sub-
surface material and low relief, whereas higher Fs values show resistant sub-surface 
material, sparse vegetation and high relief 
4.3.3.3 Drainage Texture (Rt): 
Drainage texture (Rt) is one of the important drainage parameters in 
morphometric analysis, which indicates relative spacing of drainage lines, which are 
generally high in impermeable material compared to the permeable ones. Horton 
(1945) defined drainage texture as the total number of stream segments of all orders 
divided by the perimeter of the watershed. Horton (1945) also recognized infiltration 
capacity as the dominant factor influencing drainage texture (Rt) which includes 
drainage density and stream frequency as well. Smith (1954) classified drainage 
density into five different classes of drainage texture, i.e. less than 2 indicates very 
coarse, between 2 and 4 is coarse, between 4 and 6 is moderate, between 6 and 8 is 
fine and greater than 8 is very fine drainage texture. 
4.3.3.4 Basin Shape (Bs): 
Basin shape (Bs) is the ratio of square of basin length (Lb) to the area of the 
basin (A). The shape or outline form of a drainage basin, as it is projected upon the 
horizontal datum, may conceivably affect stream discharge characteristics. Long 
narrow basins with high bifurcation ratios would be expected to have attenuated fiood 
discharge periods, whereas circular basins of low bifurcation ratio would be expected 
to have sharply peaked Hood discharges (Chow, 1964). 
4.3.3.5 Form Factor 
Horton (1932) defined form factor (Rf) as a dimensionless ratio of basin area 
(A) to the square of basin length (Lb), fhe value of form factor would always be less 
than 0.7854 (for a perfectly circular basin). Smaller the value of form factor, more 
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elongated will be the basin. The basins with higher values of form factors have high 
peak flows for shorter duration, whereas elongated basins with low form factor values 
have lower peak flow for longer duration. Flood Hows of elongated basins with low 
form factor are easier to manage than those of the circular basins with higher values 
of form factor (Nautiyal, 1994). 
4.3.3.6 Circularity Ratio (Rcl;, 
Miller (1953) defined circularity ratio (Re), as the ratio of the area of the basin 
(A) to the area of a circle having the same circumference as the perimeter of the basin 
(P). The circularity ratio (Re) is influenced by the length and frequency of streams, 
geological structures, land use/land cover, climate, relief and slope of the basin 
(Chopra et al., 2005). Circularity ratio remained remarkably uniform in the range 0.6 
to 0.7 for first order and second order basins in homogeneous shales and dolomites, 
indicating the tendency oi' small drainage basins in homogeneous geologic materials 
to preserve geometrical similarity. However, first and second order basins situated on 
the flanks of moderately dipping strata are strongly elongated with circularity ratios 
between 0.4 and 0.5 (Chow. 1964). 
4.3.3.7 blongation Ratio LRe): 
Schumm (1956) defined elongation ratio (Re) as the ratio between the 
diameter of the circle of the same area as the drainage basin (A) and the maximum 
length of the basin (Lb). The values of elongation ratio generally vary from 0.6 to 1.0 
over a wide variety of climatic conditions and lithology. The values can be grouped 
into three categories as circular (>0.9), oval (0.9 to 0.8) and less elongated (<0.7). 
Values close to 1.0 are normally found in regions of very low relief, whereas values 
of 0.6 to 0.8 are usually associated with high relief and steep ground slope (Strahler. 
1964). A circular basin is more efficient in the discharge of run-off than an elongated 
basin (Singh and Singh. 1997), Higher Re values show high infiltration capacity and 
low runoff whereas lower Re values are characterized by high susceptibility to 
erosion and sediment load (Reddy el al.. 2004b). 
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4.3.3.8 Leimth of Overland Flow (Lo): 
Horton (1945), defined length of overland flow (Lo) as the length of water 
over the ground before it gets concentrated into definite stream channels, fie 
considered length of overland flow as one of the most important independent 
variables affecting hydrologic and physiographic development of drainage basins. The 
average length of overland flow is approximately half the average distance between 
stream channels and is therefore approximately equals to half of reciprocal of 
drainage density (Horton, 1945). 
4.3.3.9 Constant of Channel Maintenance (C): 
Schumm (1956) has used inverse of drainage density as a parameter termed as 
constant of channel maintenance (C), defined in units of square feet per foot, and has 
the dimension of length and therefore increases in magnitude as the scale of the 
landform units increases. In short, it measures the number of square feet of watershed 
surface area required to sustain one linear foot of channel. 
4.3.3.10 Compactness Coefficient (Cc): 
Compactness Coefficient (Cc) is used to express the relationship of a 
hydrologic basin to that of a circular basin having the same area as the hydrologic 
basin. A circular basin is the most hazardous from a drainage stand point because it 
will yield shortest time of concentration before peak flow occurs in the basin (Nooka 
Ratnamet al.. 2005). 
4.4 Morphotnctric Characteristics of the Watersheds 
The study area has been categorized into six watersheds namely Chopan, 
Makhawan, Niwari. Cihura, Kanera and Senduwa (Fig. 4.1). Drainage characteristics 
of each watershed based on morphometric parameters are discussed in the next 
section. The morphometric parameters have been discussed under aerial, linear and 
relief aspects. 
4.4.1 Chopan Watershed 
Chopan is the second largest watershed amongst the six watersheds, covers an 
area of about 133.38 km ,^ and lies in the south western part of the study area. On the 
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\\ \ 1 ' ,, 
basis of drainage flow directions, slope, topography, rMief^nd spot height, it Hasyceen 
categorized into five sub-watersheds, designated as SWn^S^2^~SW4t^^4 afra SW5 
with 41.62 km^ 31.27 km^ 24.78 km^ 10.16 km^ and 25.55 tm^=5ref^pectively. 
Amongst the five sub-watersheds SW3 and SW4 are fourth order whereas, SWl, SW2 
and SW5 are of fifth order sub-watersheds. The whole Chopan watershed is of sixth 
order (Table 4.2). The drainage pattern of the watershed is dendritic to sub-dendritic 
however locally parallel to sub-parallel drainage pattern is also developed (Figure 
4.2). 
4.4.1.1 Linear Aspects: 
According to Morton's law the stream number decreases with increasing 
stream order but length of stream segments decreases as the stream order increases. 
However, SW5 of 5" order deviates from the general trend (Table 4.2), representing a 
drainage anomaly which may be attributed to moderate slope (6 to 9 ), underlain by 
varying lithology and probable upliftment of the basin (Singh and Singh, 1997). To 
validate the Morton's law. stream number and stream order of the sub-watersheds 
were plotted where SWl shows deviation at 1"^ ', 2"' and 3" orders, SW2 shows 
deviation from a straight line at 1^ ', 2"' and 3" orders, SW3 and SW4 show deviation 
at 1", 2'"'. 3"' and 4"' orders, whereas SW5 shows deviation at l", 2"^ 3'^ and 5"^  
orders (Figure 4.3) respectively indicating a regional upliftment. The stream length 
ratio (RL) between streams of various orders in the Chopan watershed shows 
variation in each sub-watershed (Table 4.3), which may be due to difference in slope 
and topography. SW3 and SW5 show an increasing trend in stream length ratio from 
lower order to higher order which suggests mature geomorphic stage. But in SWl, 
SW2 and SW4, RL values show variation from one order to another order which 
indicate their late youth stage of geomorphic development. Bifurcation ratio (Rb) 
values vary from 2.0 to 5.5. Higher Rb values in SWl (2'^ "/3 '^^  order), SW2 (2'^''/3"' 
order) and SW3 (3'^ ''/4"' order), indicate structural control on the drainage pattern, 
while the lower Rb values in SW4 and SW5 suggest less structural control. The mean 
bifurcation ratio (Rbm) of the sub-watersheds lies between 3.29 - 4.53 (Table 4.3) 
which fall under normal basin category (Slrahler. 1957). 
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Table 4.2: Stream analysis of the sub-watersheds and the whole Chopan watershed 
Sub-watersheds 
SWl 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
SW2 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
SW3 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
SW4 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
SW5 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
Whole Chopan watershed 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
js. 
153 
70.50 
70.50 
0.46 
126 
44.50 
44.50 
0.35 
92 
38.00 
38.00 
0.41 
51 
15.50 
15.50 
0.30 
114 
34.00 
34.00 
0.30 
536 
202.50 
202.50 
0.38 
2nd 
44 
31.50 
102.00 
0.72 
35 
22.50 
67.00 
0.64 
23 
19.50 
57.50 
0.85 
12 
6.50 
22.00 
0.54 
29 
18.50 
52.50 
0.64 
143 
98.50 
301.00 
0.69 
Stream order 
3rd 
8 
16.00 
118.00 
2.00 
7 
7.50 
74.50 
1.07 
5 
6.50 
64.00 
""T.30" 
3.50 
25.50 
1.17 
10 
9.00 
61.50 
0.90 
33 
42.50 
343.50 
1.29 
411, 
2 
4.50 
122.50 
2.25 
2 
4.00 
78.50 
2.00 
1 
2.50 
66.50 
2.50 
1 
1.50 
27.00 
1.50 
3 
3.50 
65.00 
1.17 
9 
16.00 
359.50 
1.78 
5'" 
1 
1.50 
124.00 
1.50 
1 
3.50 
82.00 
3.50 
-
-
-
-
-
-
-
-
1 
3.50 
68.50 
3.50 
3 
9.00 
368.50 
3.00 
6'" 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1 
1.50 
370.00 
1.50 
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4.4.1.2 ReHef Aspect: 
The relief ratio (Rh) values vary from 0.003 (SW2 and SW5) to 0.031 (SW4), 
higher Rh values in SW3 and SW4 indicate very steep slope (12 to 15 )^ and high 
relief, while lower values in SWl, SW2 and SW5 may indicate presence of basement 
rocks with gentle to very gentle slope and low relief (GSI, 1981). 
4.4.1.3 Aerial Aspects: 
Drainage density (D) values of the sub-watersheds vary from 2.62 (SW2) to 
2.99 km/km^ (SWl) and fall in low density category. SW2 and SW4 suggesting 
permeable subsoil material and presence of vegetative cover, however SWl, SW3 and 
SW5 have relatively high drainage density, and indicate less permeable material, 
sparse vegetative cover and moderate to high relief The drainage density of the whole 
Chopan watershed also falls in low category, i.e. 2.77 km/km^ (Table 4.3). Stream 
frequency (Fs) values of the sub-watersheds vary from 4.88 (SW3) to 6.59 (SW4) and 
exhibit a positive correlation with the drainage density, indicating an increase in 
stream population with respect to increase in drainage density, except SWl and SW3, 
which show low sfream frequency despite high drainage density. This anomaly can be 
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Table 4.3: Results of the morphometric analysis of the sub-watersheds and whole 
Chopan watershed 
Basin Parameters 
L Basin area (A) (knr) 
Bifurcation ratio (Rb) 
l/II 
Bifurcation ratio (Rb) 
II/III 
Bifurcation ratio (Rb) 
III/IV 
Bifurcation ratio (Rb) 
Bifurcation ratio (Rb) 
Mean bifurcation ratio 
(Rbm) 
Stream length ratio (RL) 
II/I 
Stream length ratio (RL) 
III/II 
Stream length ratio (RL) 
IV/III 
Stream length ratio (RL) 
V/IV 
Stream length ratio (RL) 
VIA' 
I Perimeter (P) (km) 
j Basin length (Lb) (km) 
Basin width (Lw) (km) 
Drainage density (D) 
(km/km^) 
Stream frequency (Ks) 
Re lief ratio (Rh) 
Drainage texture (Rt) 
Basin shape (Bs) 
Form factor (Rf) 
Circularity ratio (Re) 
Llongation ratio (Re) 
Compactness coefficient 
(Cc) 
Length of overland flow 
(Lo)(km) 
Constant of channel 
maintenance (C) 
(per sq ft) 
SWl 
41,62" 
3.47 
5.50 
4.00 
2.00 
3.74 
0,27 
0.44 
0,75 
0,33 
0.5 
SW2 
31.27' 
160 _ 
5.00 
3.50 
2.00 
3.52 
t-^ 
0.52 
0.73 
0.25 
0.40 
2.5 
34,67 ! 26.25 
8.5 
5 
2.99 
4.99 
0.006 
5.99 
1.35 
0,58 
0.26 
0.28 
0.46 
0,67 
6.5 
6 
2.62 
5.46 
0.003 
6.51 
1.35 
0.74 
0,57 
0,33 
0.47 
0.76 
33.44 1 38.17 
! 
.1 _._. -.._. _ 
SW3 
_24.7_8 
4.00 
4.60 
5.00 
4.53 
0.50 
0.75 
0.50 
1.50 
26.61 
6.5 
5.5^ 
2.68 
4.88 
0.025 
4.5^ 
1.22 
0 59 
0.30 
0.34 
0.60 
0.75 
37.31 
_SW4_ 
10.16 
4.25 
4.00 
3.00 
SW5 
3.75 
0,20 
1.00 
L00_ 
0.50 
_25J_5_ 
2.90 
_3.3_3_ 
3.00 
3.29 
0.50 
0.50 
_X00 
0.40 
Whole Chopan 
watershed 
133.38 
3.75 
4.33 
3.67 
3.00 
3.00 
3.55 
0.40 
0.64 
0.52 
1.00 
19.86 
4.5 
- 2 - " 
2.65 1 
6.59 
0.031 
3.37 ^ 
1,99 
0,50 
0,32 
0,31 
1,10 
0.75 
37.73 
2.5 
"72.13 
5.5 
'4.5 
2.68 
^ 6.14 
^ 0.003 "^  
7.09 
1.18 
0.84 
0.65 
0.38 ' 
0.48 
0.75 _ 
37.31 
3.67 
60.04 
17.25 
2.77 
5.43 
0.008 
12.07 
2.23 
' 0.48 
0.46 
0.17 
0.24 
0.72 
36.10 
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attributed to the damming of Cliopan river which has resulted in reaUgnment of the 
natural drainage channels in SWl and SW3 (Fig. 4.2). The sub-watersheds exhibits 
varying drainage texture, i.e. coarse in case of SW4, moderate in SWl and SW3, and 
itisfineinSW2andSW5. 
Basin shape (Bs) values (1.18 to 1.99) indicate that SW3 has weaker flood 
discharge periods due to its higher bifurcation ratio, whereas SWl, SW2, SW4 and 
SW5 have sharply peaked flood discharge. Form factor (Rf) values of the sub-
watersheds vary from 0.50 for SW4 to 0.84 for SW5, indicate elongated shape except 
SW2 (0.74) and SW5 (0.84) (Table 4.3) being close to a circular basin, suggesting 
lower peak flows of longer duration. The circularity ratio (Re) values range from 0.26 
to 0.65. High Re value i.e. 0.57 (SW2) and 0.65 (SW5) indicates more or less circular 
character characterized by moderate relief. The remaining sub-watersheds have Re 
value less than 0.57, indicating elongated shape. The values of elongation ratio (Re) 
vary from 0.28 to 0.38, out of which SW2, SW3 and SW5 show higher Re values 
suggesting high infiltration capacity and low runoff. Whereas, sub-watersheds SWl 
and SW4 show lower Re values which suggest their susceptibility to erosion and 
sedimentation load. The length of overland flow (Lo) values of the sub-watersheds 
range from a lowest of 0.67 for SWl to a highest of 0.76 for SW2 (Table 4.3). SWl. 
SW3, SW4 and SW5 show lower values of Lo as they possess high drainage density, 
whereas SW2. shows a higher Lo because of low drainage density. The compactness 
coefficient (Cc) values of the sub-watersheds vary from 0.46 for SWl lo 1.10 for 
SW4 show wide variation ('fable 4.3), the whole CMiopan watershed has Cc value of 
0.24. Based on drainage parameters SW2 and SW5 are the most hazardous, since they 
represent more or less circular shape. Values of constant of channel maintenance (C) 
of sub-watersheds vary from 33.44 (SWl) to 38.17 (SW2). The value of C for whole 
Chopan watershed is 36.10 which mean that on an average 36.10 sq.ft. surface is 
needed to support each linear foot of the channel. 
4.4.2 Makhawan Watershed 
Makhawan is the largest watershed amongst the six watersheds, covers an area 
of about 163.30 km", and lies in the north-western part of the study area. On the basis 
of drainage tlow directions, slope, topography, relief and spot height, it has been 
categorized into seven sub-watersheds, designated as SWl, SW2, SW3, SW4, SW5, 
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SW6 and SW7 with 23.02 km\ 21.36 km', 27.11 km% 21.44 km^ 16.55 km\ 26.28 
km^ and 27.54 km^ area respectively. Amongst the seven sub-watersheds SWl, SW2, 
SW3, SW4. SW5 and SW6 are of fourth order, whereas SW7 is of fifth order sub-
watershed. The whole Makhawan watershed is also of fifth order (Table 4.4). The 
drainage pattern of the watershed is dendritic to sub-dendritic, however locally 
parallel to sub-parallel drainage pattern is also developed (Figure 4.4). 
4.4.2.1 Linear Aspects: 
In the Makhawan watershed, SW2, SW6 and SW7 the length of stream 
segments of 3'^ '' and 4"' orders respectively, show deviation from general trend (Table 
4.4), indicating a drainage anomaly which may be attributed to high relief and/or 
steep or moderate slopes (9 to 12" and 6 to 9 ), underlain by varying lithology and 
probable upliftment of the basin. To validate the Horton's law, stream number and 
stream order of the sub-watersheds were plotted where SWl, SW2, SW3, SW4, SW5 
and SW6 sub-watersheds show deviation at l", 2"'', 3'^ '' and 4"^  orders whereas, SW7 
show deviation from a straight line at T', 2'"', 3'^ '' and 5"^  orders respectively (Figure 
4.5) indicating a regional upliftment. The stream length ratio (RL) between streams of 
different orders show a variation (Table 4.5), which may be due to variation in slope 
and topography. SW2, SW4, SW6 and SW7 sub-watersheds show an increasing trend 
in stream length ratio from lower order to higher order showing mature geomorphic 
stage. But in SWl, SW3 and SW5, RL values show difference from one order to 
another order which indicate their late youth stage of geomorphic development. 
Bifurcation ratio (Rb) values vary from 1.00 to 9.00. Higher Rb values in SWl (3'''/4"' 
order), SW2 (3^ /^4"' order), SW3 (3"'/4"' order), SW4 (3"'/4"^ order), SW5 (2'"'/3^" 
order) and SW6 (3"'/4"' order), indicate structural control on the drainage 
development, while lower Rb values in SW7 are indicative of less structural control. 
However, Rb values are higher for whole Makhawan watershed at 3'^ ''/4" and 4'75" 
orders, which also suggests role of structure in development of the drainage. The 
mean bifurcation ratio (Rbm) values of the sub-watersheds lies between 2.87 - 4.16 
(Table 4.5) which belong to normal basin category (Strahler, 1957). 
Table 4.4: Stream analysis of the sub-watersheds and the whole Makhawan 
watershed 
Sub-watersheds 
SWl 
No. of streams 
Stream length (km) 
Cummulativc stream length (km) 
Mean stream length (km) 
'SW2 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW3 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Stream order 
62 
25.69 
25.69 
0A\ 
66 
27.26 
27^26 
Mean stream length (km) 
0.41 
" 99 
45.45^ 
45.45 
0.46 
SW4 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW5 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW6 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW7 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Whole Makhawan watershed 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
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4.4.2.2 Relief Aspect: 
The relief ratio (Rh) values vary from 0.004 (SWI and SW3) to 0.012 (SW7), 
higher values of Rh in SW7 indicate steep slope (9 to 12*^ ) and high relief, while lower 
values in rest of the six sub-watersheds may indicate presence of basement rocks with 
gentle slope and low relief (GSI, 1981). 
4.4.2.3 Aerial Aspects: 
Drainage density (D) values of the sub-watersheds vary from 2.49 (SWI) to 
3.28 km/km^ (SW7) fall in low density category. SWI and SW2 suggesting 
permeable subsoil material and presence of vegetative cover, however SW3, SW4, 
SW5, SW6 and SW7 have relatively high drainage density, indicate less permeable 
material, sparse vegetative cover and moderate to high relief. The drainage density of 
the whole Makhawan watershed also falls in low category, i.e. 2.89 km/km (Table 
4.5). Stream frequency (Fs) values of the sub-watersheds vary from 3.87 (SWI) to 
5.08 (SW7) and display a positive correlation with the drainage density values of the 
sub-watersheds indicating an increase in stream population with respect to increase in 
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Table 4.5: Results of the morphometric analysis of the sub-watersheds and whole 
Makhawan watershed 
Basin Parameters 
Basin area (A) (km") 
Bifurcation ratio (Rb) 
I/II 
Bifurcation ratio (Rb) 
II/lII 
Bifurcation ratio (Rb) 
m/iv 
Bifurcation ratio (Rb) 
IV/V 
Bifurcation ratio (Rb) 
V/VI 
Mean bifurcation ratio 
(Rbm) 
Stream length ratio 
(RL) Il/l 
Stream length ratio 
(RL) III/II 
Stream length ratio 
(RL)IV/III 
Stream length ratio 
(RL) V/IV 
Perimeter (P) (km) 
Basin length (Lb) 
(km) 
Basin width (Lw) 
(km) 
Drainage density (D) 
(km/km") 
Stream frequency (Fs) 
Relief ratio (Rh) 
Drainage texture (Rt) 
Basin shape (Bs) 
Form factor (Rf) 
Circularity ratio (Re) 
Elongation ratio (Re) 
Compactness 
coefficient (Cc) 
Length of overland 
flow (Lo) (km) 
Constant of channel 
maintenance (C) 
(per sq ft) 
SWl 
23.02 
3.10 
3.33 
6.00 
1.00 
3.36 
0.76 
0.35 
0.81 
-
28.49 
10.08 
4.07 
2.4'-) 
3.87 
0.004 
3.12 
4^41 
0.27 
0.36 
07l8 
0.70 
0.80 
40.16 
-
SWl 
21.36 
3.14 
4.20 
5.00 
1.00 
3.34 
0.46 
0.71 
1.40 
19^6^ 
7.07 
4.44 
2.72 
4^.35" 
0.008 
4.66 
2J4" 
^ 0.43 
0.67 
0.29 
0.53 
0.74 
36.76 
SW3 
27.11 
3.54 
3.11 
9.00 
1.00 
4.16 
0.30 
0.98 
0.80 
"2T.5O " 
8.12 
5.50 
3.06 
" 5.05 
0.004 
5.83 
2.43 
0.41 
0.62 
0.27 
0.49 
0.65 
32.68 
SW4 
21.44_ 
3.82 
3.40 
5.00 
1.00 
3.31 
0.32 
0.62 
1.01 
J2_.83_ 
8.56 
3.87 
3.18 
4.10 
0.006 
• 3.85 
3.42 
0.29 
0.52 
0.22 
0.60 
0.63 
31.45 
S W51 
J 6^ 5 5^ 
3.47 
5.00 
3.00 
1.00 
3.12 
0.25 
1.21 
0.89 
19.22 
6.79 
4.23 
3.02 
"429^ 
0.007 
3.69 
2.79 
0.36 
0.56 
0.27_ 
0.66 
0.66 
33.11 
SW6 
26.28 
4.14 
3.50 
6.00 
1.00 
3.66 
0.30 
0.57 
1.69 
26.14 
10.25 
4.31 
2.98 
'4.38 
0.007 
4T40" 
340^' 
0.25 
0.48 
0.20 
0.56 
0.67 
33.56 
SW? 
27.54 
3.68 
4.67 
3.00 
2.00 
_LOq_ 
2.87 
0.44 
0.41 
0.95 
1.28 
28.44_ 
9.51 
4.33 
3.28 
5.08 
0.012 
4.92 
128 " 
0.30 
0.43 
0.20 
0.58 
0.61 
30.49 
Whole j 
Makhawan 
watershed 
163.30 
3.56 1 
3.75 
5.71 ! 
i 
7.00 
j 
1.00 
4.20 
0.38 
0.62 
1 
0.44 
1.19 
62.10 1 
18.34 
12.72 
2.89 
4.48 
0.005 
L ' ' -^8 
2.06 
0.49 
0.53 
0.18 
0.21 
0.69 
34.60 
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drainage density except SW4, whicli shows relatively low stream frequency despite 
having a high drainage density. The sub-watersheds SWl, SW4 & SW5 show coarse 
drainage texture whereas, SW2, SW3, SW6 & SW7, exhibit moderate drainage 
texture. 
Basin shape (Bs) values (2.34 - 4.41) indicate that SW3 has weaker flood 
discharge periods due to its high bifurcation ratio, whereas rest of the six sub-
watersheds have sharply peaked flood discharge. The form factor (Rf) values vary 
from 0.25 (SW6) to 0.43 (SW2) indicating elongated shape which suggest flatter peak 
flow for longer duration. Flood flows of such elongated basins are easier to manage. 
The circularity ratio (Re) ranges from 0.36 (SWl) to 0.67 (SW2), indicates elongated 
shape characterized by moderate to high relief. The values of elongation ratio (Re) of 
the sub-watersheds vary from 0.18 (SWl) to 0.29 (SW2), out of these sub-watersheds 
SW2, SW3 and SW5 show higher Re values suggesting high infiltration capacity and 
low runoff, whereas sub-walersheds SWl, SW4, SW6 and SW7 with lower Re values 
suggest susceotibilitv to erosion and sedimentation load. The length of overland How 
(Lo) values of the sub-watersheds show lower values of 0.61 for SW7 to highest value 
of 0.80 in case of SWl. SW3, SW4, SW5, SW6 and SW7 show lower values of Lo as 
they have high drainage density, however SWl and SW2 show a higher Lo values 
because of low drainage density. The compactness coefficient (Cc) values of the sub-
watersheds vary from 0.49 for SW3 lo 0.70 for SWl, show wide variations across the 
sub-watersheds (Table 4.5), the whole Makhawan watershed has Cc values of 0.21. 
Results of drainage analysis all the sub-watersheds are elongated in shape. Values of 
constant of channel maintenance (C) of sub-watersheds vary from 30.49 (SW7) to 
40.16 (SWl). The value of C for whole Makhawan watershed is 34.60 which mean 
that on an average 34.60 sq.ft. surface is needed to support each linear foot of the 
channel. 
4.4.3 Niwari Watershed 
The Niwari watershed covers an area of about 77.14 km", and occupies north 
eastern part o\' the study area. On the basis of drainage fiow directions, slope, 
topography, relief and spot height, it has been categorized into six sub-watersheds, 
designated as SWl, SW2, SW3, SW4, SW5 and SW6, with 19.55 km^ 5.98 km\ 
10.78 kml 11.63 km^ 15.07 km^ and 14.13 km^ area respectively. Amongst the six 
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sub-watersheds, SW2 and SW6 are of third order, whereas SWl, SW3, SW4, and 
SW5 are of fourth order sub-watersheds. The whole Niwari watershed is of fifth order 
(Table 4.6). The drainage pattern of the watershed is dendritic to sub-dendritic 
however locally parallel to sub-parallel drainage pattern is also developed (Figure 
4.6). 
4.4.3.1 Linear Aspects: 
In SWl, SW3 and SW4 the length of stream segments of 3"* and 4th order 
show variation from general trend (Table 4.6). This drainage anomaly may indicate 
that the terrain is characterized by relatively high relief and/or steep slope (9 to 12*'). 
underlain by varying lithology and probable upliftment of the basin. To validate the 
Horton's law, stream number and stream order of the sub-watersheds were plotted 
where SWl, SW3, SW4 and SW5 show deviation at V\ 2"^ 3'"^  and 4''^  orders 
respectively indicating a regional upliftment, whereas SW2 and SW6 do not show any 
deviation from a straiaht line (TMPure 4 7) Thp Qtrp^ m length ratio (R.L) between 
streams of various orders reveals that there is a variation in RL values in each sub-
watershed (fable 4.7), which may be due to variation in slope and topography. SWl, 
SW2, SW4 and SW6 show an increasing trend in stream length ratio from lower order 
to higher order suggesting their mature geomorphic stage. Whereas, in rest of the two 
sub-watersheds, i.e. SW3 and SW5, RL values show variation from one order to 
another order which indicate their late youth stage of geomorphic development. 
Bifurcation ratio (Rb) values vary from 1.00 to 13.00. Higher Rb values in SWl 
(2"''/3''' order), SW2 (2'"'/3"' order), SW4 (2'"'/3''' order), SW5 (2"''/3''' order) and SW6 
(2"''/3^'' order), indicate structural control on the drainage pattern, while the lower Rb 
values in SW3, is indicative of less structural control. Llowever, the Rb value is higher 
for whole Niwari watershed at 2'"'/3"' order, which also shows some structural control 
over the drainage. The mean bifurcation ratio (Rbm) values of sub-watersheds vary 
from 2.94 - 5.74 (Tabic 4.7) which fall under normal basin category except SW6 sub-
watershed. 
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Table 4.6: Stream analysis of the sub-watersheds and the whole Niwari watershed 
Sub-watersheds 
SWl 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW2 
No. of streams 
Stream length (km) 
CummLilative stream length (km) 
Mean stream length (km) 
SW3 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW4 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW5 ^ 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW6 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Whole Niwari watershed 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
59 
28,16 
' 28.16 • 
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4.4.3.2 Relief Aspect: 
The relief ratio (Rh) values vary from 0.001 (SW3) to 0.010 (SW6), higher Rh 
values in SWl and SW6 indicate steep slope (9 to 12 )^ and high relief, while lower 
Rh values in SW2, SW3, SW4 and SW5 may indicate presence of basement rocks 
with gentle slope and low relief (GSI, 1981). 
4.4.3.3 Aerial Aspects: 
Drainage density (D) values of sub-watersheds vary from 2.28 (SW2) to 3.58 
km/km^ (SW3), fall in low density category. SWl, SW2 and SW4 suggesting the 
region has highly permeable subsoil material and presence of vegetative cover. 
However SW3, SW5 and SW6 have relatively high drainage density and indicate less 
permeable material, sparse vegetative cover and moderate to high relief The drainage 
density of the whole Niwari watershed (2.93 km/km^) also falls in low category 
(Table 4.7). Stream frequency (Fs) values of the sub-watersheds vary from 3.58 
(SW5) to 4.64 (SW4) and display a positive correlation with the drainage density, 
indicating an increase in stream population with respect to increase in drainage 
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Table 4.7: Results of the morphometric analysis of the sub-watersheds and whole 
Niwari watershed 
Basin Parameters 
Basin area (A) (knr) 
Bifurcation ratio (Rb) 
l/Il 
Bifurcation ratio (Rb) 
II/UI 
Bifurcation ratio (Rb) 
III/IV 
Bifurcation ratio (Rb) 
Bifurcation ratio (Rb) 
Mean bifurcation ratio 
(Rbm) _ 
Stream length ratio (RL) 
II/I 
Stream length ratio (RL) 
III/II 
Stream length ratio (RL.) 
IV/III 
Stream length ratio (RL) 
V/IV 
Perimeter (P) (km) 
Basin length (Lb) (km) 
Basin width (Lw) (km) 
Drainage density (D) 
(km/km") 
Stream frequency (i's) 
Relief ratio (Rli) 
Drainage texture (jit) 
Basin shape (Bs) 
Form factor (R0 
Circularity ratio (Re) 
Elongation ratio (Re) 
Compactness coefficicnl 
(Cc) 
Length of overland flow 
(Lo) (km) 
Constant of channel 
maintenance (C) 
(per sq ft) 
swi 
i9.55 
3.93 J 
5.00 
3.00 
1.00 
3.23 
0.44 
t- -
0.53 
1.03 
23.52 
7.95 
5.30 
1 - -— 
2.75 
3.99 
0.009 
332"" 
'3."23 
0.31 
0,44~' 
0.23'" 
1 '1-68 
0.73 
36.36 
SW2 
5.98" 
3.40 
5.00 _ 
1.00 
J^l_3_ 
0.44 
1.20 
10.56 
3.79 
2.32_ 
2.28 
3". 87" 
0.003 
2.18 
2.40 
0.42 
0.67 
0.40' 
1.00 
1 0.88 
43.86 
SW3 
"10.778] 
4.75 
4.00 
2.00 
_l.00 
2.94 
0.57 
0.07 
10.91 
20.68 
6.93 
3.33 
3.58 
"4T55"" 
0.001 ' 
2.37 
4.46 
0.22 
0.32" 
JM 
0.56 
27.93 
SW4 
11.63 
4.10 
5.00 
2.00 
1.00 
1 3.03 
0.34 
0.55 
2.30 
18.28 
7.74 
2.54 
2.97 
4.64 
0.004 
2.95_^ 
5.15 
0.19 
0.44 
0.21 
0.89 
0.67 
33.67 
SW5 
7r5.07 
3.64 
5.50 
2.00 
1.00 
3.04 
_0J16 
0.97 
0.23 
16.64 
6.84 
3.65 
3.00 
3.58 
0.008 
3.25 
3.10 
0.32 
0.68 
0.28 
0,63 
0.67 
33.33 
SW6 
" 14.13" 
3.23 
13.00 
1.00 
- -"-— 
5.74 
0.39 
0.99 
21.32 
7.52 
3.96 
3.15 
3.96' 
0.010 
2.63 
4.00" 
0.25 
0.39 
0.22 
0.85 
0.63 
31.75 
Whole Niwari 
watershed 
77.14 
3.95 
5.45 
3.67 
3.00 
1.00 
3,41 
0.42 
0.64 
0.37 
0.68 
41.60 
13.76 
10.27 
2.93 
' 4.04 
0.006 
7.50 
2.45 
0.41 
0.56 
0.20 
0.30 
0.68 
34.13 
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density, except in SW2 and SW4, wiiich sliow high stream frequency despite low 
drainage density. All the sub-watersheds show a coarse drainage texture. 
Basin shape (Bs) values (2.40 to 5.15) indicate that SW6 has weaker flood 
discharge periods due to its higher bifurcation ratio, whereas rest of the five sub-
watersheds have sharply peaked flood discharge. However, the whole Niwari 
watershed has also attenuated flood discharge periods. The form factor (Rf) values 
vary from 0.19 (SW4) to 0.42 (SW2), indicating elongated shape and suggesting 
flatter peak flow for longer duration, which are easier to manage during flood flows. 
The circularity ratio (Re) ranges from 0.32 (SW3) to 0.68 (SW5), indicates elongated 
shape characterized by moderate to high relief The values of elongation ratio (Re) oi 
the sub-watersheds vary from 0.21 (SW3 and SW4) to 0.40 (SW2), out of which SW2 
and SW5. showing higher Re values suggesting high infiltration capacity and low 
runoff, whereas SWl. SW3, SW4 and SW6, with lower Re values suggest their 
susceptibility to erosion and sedimentation load. The length of overland fiow (Lo) 
values of the sub-watersheds range from a lowest of 0.56 for SW3 to a highest of 0.88 
SW2, (Table 4.7). SW3. SW5 and SW6 show lower values of L.o as they possess high 
drainage density, whereas rest of the three sub-watersheds show a higher Lo values 
because of low drainage density. The compactness coefficient (Cc) values of the sub-
watersheds vary from 0.63 for SW5 to 1.08 for SW3 show wide variation across sub-
watersheds (Table 4.7). Results of the drainage analysis show all sub-watersheds are 
non-hazardous, since they are elongated in shape. Values of constant of channel 
maintenance (C) of sub-walcrsheds vary from 27.93 (SW3) to 43.86 (SW2), whereas 
for the entire Niwari watershed it is 34.13, which suggest on an average of 34.16 sq.ft. 
surface is needed to support each linear foot of the channel. 
4.4.4 GIt lira Watershed 
Ghura is the smallest amongst the six watersheds, covers a geographical area 
of about 34.57 km", and is situated in the eastern part of the study area. On the basis 
of drainage fiow directions, slope, topography, relief and spot height, it has been 
categorized into six sub-watersheds, designated as SWl, SW2, SW3, SW4, SW5 and 
SW6 with 7.15 km", 6.59 km^ 3.42 km\ 8.97 km\ 5.80 km^ and 2.64 km^ area 
respectively. Amongst the six sub-watersheds SWl, SW2 and SW4 are of fourth 
order, SW3 and SW5 are of third order and SW6 is second order sub-watershed 
72 
whereas, whole Ghura watershed is also of fourth order (Table 4.8). The drainage 
pattern of the watershed is dendritic to sub-dendritic however locally parallel to sub-
parallel drainage pattern is also developed (Figure 4.8). 
4.4.4.1 Linear Aspects: 
Stream analysis of the sub-watersheds show that SWl and SW4 of 4"' and 3''' 
orders deviate from general trend (Table 4.8). This drainage anomaly may be 
attributed to high relief and/or steep slope (9 to \2^), underlain by varying lithology 
and probable upliftment of the basin. I'o validate the Horton's law, stream number 
and stream order of the sub-watersheds were plotted where SWl and SW2 show 
deviation at 1^ ', 2'"' and 4"^  orders respectively, SW4 show variation from a straight 
line at 1", 2"^ 3"" and 4"' orders, SW5 show deviation from straight line at l", 2"'' and 
3'^'^ orders, SW3 at 2'"' order, indicating a regional upliftment, whereas SW6 did not 
show any variation from straight line (Figure 4.9). The stream length ratio (RL) 
between streams of different orders shows variation in each sub-watershed (Table 
4.9), which may be due to variation in slope and topography. SW2 and SW5 show an 
increasing trend in stream length ratio from lower order to higher order suggests 
mature geomorphic stage whereas, in SWl, SW3, SW4 and SW6, RL values show 
variation from one order to another order which indicate their late youth stage of 
geomorphic development. Bifurcation ratio (Rb) values vary from 1.00 to 8.00 (Table 
4.8). Higher Rb values in SW5 and SW6 at 1*72"'' orders, indicate structural control 
on the drainage pattern, while the lower Rb values in SWl, SW2, SW3 and SW4 
show development of drainage without any structural control. The mean bifurcation 
ratio (Rbm) of the sub-watersheds lies between 2.33 - 4.50 (Table 4.9) which fall 
under normal basin category. 
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Table 4.8: Stream analysis of the sub-watersheds and the whole Ghura watershed 
Sub-watersheds 
SWl 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW2 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
_SW3 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
_SW4 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW5 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
J W 6 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Whole Ghura watershed 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
^"•• 'P 
21 
6.93 
6.93 
0.33 
22 
6.22 
6.22 
0.28 
. _ - _ . . - . 
2.38 
2.38 
" 0.26 
^ 33 
8.89 
8.89 
1 0.27 
15 
2.98 
2.98 
0.20 
8 
2.22 
2.22 
0.28 
108 
29.62 
29.62 
0.27 
Stream Order 
2"^ 
6 
2.62 
9.55 
0.44 
7 
3.02 
9.24 
0.43 
3 
1.53 
3.91 
0.51 
8 
2.61 
11.50 
0.33 
3 
1.94 
4.92 
0.65 ^ 
1^  "^ 
^ 1.06 
3.28 
1.06 
28 
12.77 
42.39 
0.46 
3r<r 
^ " 2 
].00 
10.55 
0.50 
2 
2.67 
11.91 
1.34 
1 '^ 
1.16 
5.07 
1.16^ 
2 
3.88 
15.38 
^ 1.94 
1 
1.88 
6.80 
1.88 
-
-
8 
10.59 
52.98 
1.32 
4th 
1.37 
11.92 
1.37 
1 
0.76 
12.67 
0.76 
-
-
-
1 
1.86 
17.24 
^ 1.86 
-
-
-
. 
-
2 
3.99 
56.97 
1.99 
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Figure 4.9: Regression of number of stream segments with stream order 
4.4.4.2 Relief Aspect: 
The relief ratio (Rh) values vary from 0.002 (SW5) to 0.021 (SW3), higher Rh 
values in SW3 indicate steep slope (9 to 12°) and high relief, while lower Rh values in 
SWl, SW2, SW4, SW5 and SW6 may indicate the presence of basement rocks with 
very gentle slope and low relief (GSI, 1981). 
4.4.4.3 Aerial Aspects: 
Drainage density (D) values of sub-watersheds vary between a lowest of 1.17 
for SW5 and a highest of 1.95 km/km^ for SW2 (Table 4.9), all falling in low density 
category, suggesting highly permeable subsoil material and presence of vegetative 
cover. The drainage density of the whole Ghura watershed is 1.64 km/km^ also 
corresponds to low density category (Table 4.9). Stream frequency (Fs) values of the 
sub-watersheds vary from 3.41 (SW6) to 4.91 (SW4) and exhibit a positive 
correlation with the drainage density, indicating an increase in stream population with 
respect to increase in drainage density. The sub-watersheds SW3, SW5 and SW6 
show a very coarse drainage texture whereas, SWl, SW2 and SW4 possess coarse 
drainage texture. 
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Table 4.9: Results of the morphometric analysis of the suBi^ ^ t^a r^yheds 
Ghura watershed 
e whole 
Basin Parameters 
Basin area (A) (km') 
Bifurcation ratio (Rb) 
I/II 
Bifurcation ratio (Rb) 
II/III 
Bifurcation ratio (Rb) 
III/IV 
Bifurcation ratio (Rb) 
IV/V 
Mean bifurcation 
ratio (Rbm) 
Stream length ratio 
(RL) ll/l 
Stream length ratio 
(RL) III/II 
Stream length ratio 
(RL) IV/lII 
Perimeter (P) (km) 
Basin length (Lb) 
(km) 
Basin width (Lw) 
(km) 
Drainage density (D) 
(km/km") 
Stream frequency 
(Fs) 
Relief ratio (Rh) 
Drainage texture (Rt) 
Basin shape (Bs) 
Form factor (RO 
Circularity ratio (Re) 
Elongation ratio (Re) 
Compactness 
coefficient (Cc) 
Length of overland 
flow (Lo) (km) 
Constant of channel 
maintenance (C) 
(per sq ft) 
SWl 
3.50 
3.00 
2.00 
1.00 
2.36 
0.64 
0.13 
1.34 
11.42 
3"99 • 
3.16 
1.66 
420 
0.008 
2.63 
2.23 
0.45 
0.69 
0.40 
0.90 
1.20 
6.24 
SWl 
6.59 _ 
3.14 
3.50 
2^0 
1.00 
2.41 
0.45 
1.33 
0.11 
ri2.71 
4.15 
2.41 
1.95 
4.86 
o.oo7 
2.52 " 
2. '61' 
0.38 
0.51 
0.35 
1,09 _ 
1.01 
51.28 
SW3 
^3.42 
3.00 
3.00 
1J30_ 
2.33 
_0.67_ 
0.33 
8.90 
3.47 
2.02 
1.48 
^ 3.80 
0.021 
1.46" 
•3.52" 
0.28 
0.54 
0.36 
1.47 
1.35 
67.57 
1 SW4 
8.97 
4J3_ 
4.00 
2.00_ 
1.00 
2.78_ 
1_0J_5_ 
0.77 
0.32 
14.63 
4.17 
' 3.73" 
^ 1.92 
4.91 
0.002' 
'3.01 
1.94 
0.52 
0.53 
0.37 
0.92 
1.04 
52.08 
SW5 
5.80 
_5.0^0 
3.00 
1.00 
3.00 
_0.49 
0.98 
12.97 
5.19 
L85 " 
1.17 
3.28 
0.002 
1.46' 
4.64 
0.22 
0.43 
0.26 
1.26 
1.71 
85.47 
SW6 
2.64 
8.00 
1.00 
4.50 
0.96 
1 10.40 
3.94 
^ 0.95 
1.22 
3.41 
0.003 
0.87 ' 
5.88 
0.17 
0.31 
0.25 
2.22 
1.64 
81.96 
Whole Ghura 
watershed 
34.57 
3.86 
3.50 
4.00 
2.00 ^ 
3.34 
1 0.58 
0.48 
0.54 
27.11 
8.09 
6.05 
1.64 
4.22 
1 
0.009 
5.39 
1.89 
0.53 
0.59 
0.27 
0.44 
1.22 
60.97 
77 
Basin shape (E s^) values (1.94 to 5.88) indicate that SW6 has weaker flood 
discharge periods due to its higher bifurcation ratio, whereas rest of the five sub-
watersheds have sharply peaked flood discharge. The form factor (Rf) values vary 
from 0.17 (SW6) to 0.52 (SW4). indicating elongated shape which suggest flatter 
peak flow for longer duration. Flood flows of such elongated basins are easier to 
manage. The values of circularity ratio (Re) range from 0.31 (SW6) to 0.69 (SWl), 
indicate elongated shape characterized by moderate to high relief. The values of 
elongation ratio (Re) vary from 0.25 (SW6) to 0.40 (SWl) which indicate SWl, SW2, 
SW3 and SW4 have higher Re values suggesting high infiltration capacity and low 
runoff. Whereas, SW5 and SW6 have lower Re values which suggest their 
susceptibility to erosion and sedimentation load. The length of overland flow (L.o) 
values of the sub-watersheds range from a lowest value of 1.01 for SW2 to a highest 
value of 1.71 for SW5. All the sub-watersheds show a lower value of Lo because of 
low drainage density. The compactness coefficient (Cc) values of the sub-watersheds 
vary from 0.90 for SWl to 2.22 for SW6 showing wide variations across the sub-
watersheds (Table 4.9). Results of the drainage analysis show all the six sub-
watersheds are non-hazardous, since they are elongated in shape. Values of constant 
of channel maintenance (C) of sub-watersheds vary from 51.28 (SW2) to 85.47 
(SW5), but for whole Ghura watershed it is 60.97 sq.ft. 
4.4.5 Kanera Watershed 
Kanera is the second smallest amongst the six watersheds, covers an area of 
about 69.01 km", and lies in the eastern part of the study area. On the basis of 
drainage flow directions, slope, topography, relief and spot height, it has been 
categorized into seven sub-watersheds designated as SWl, SW2. SW3, SW4, SW5. 
SW6 and SW7 with 7.10 km', 6.38 km\ 5.91 km\ 16.22 km^ 10.17 km\ 16.59 km^ 
and 6.64 km^area respectively. SWl. SW3, SW5 and SW6 are of third order, whereas 
SW2, SW4 and SW7 are of fourth order sub-watersheds, whereas the whole Kanera 
watershed is of fifth order (Table 4.10). The drainage pattern of the Kanera watershed 
is mainly sub-dendritic however locally parallel to sub-parallel drainage pattern is 
also developed (Figure 4.10). 
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Table 4.10: Stream analysis of the sub-watersheds and whole Kanera watershed 
Sub-watersheds 
SWl 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW2 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW3 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW4 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW5 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW6 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW7 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Whole Kanera watershed 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
' 1 2 
13 
13 
0.41 
32 
T2.5 
12.5 
0.39 
23 
5.5 
5.5 
0.24 
23 
23 
0.42 
""I5" 
18 J 
18 
0.51 
47 
24.5 
24.5" ' 
0.52 
27 
10.5 " 
10.5 
0.39 
" "25I 
107 
107 
0.43 
St 
2nd 
8 
4.5 
17.5 
0.56 
7 
15.5 
0.43 
9 
4.5 
10 
0.5 
7.5 
30.5 
0.47 
8"^ 
8 
26 
1 
7 
7.5 
1.07 
''5 
^1.5 ' " 
15 
1.10 
60 
44 
151 
0.73 
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_5 
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1 
2 
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28.5 
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2 
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41.5 
4.75 
2 
3 
19 
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4.4.5.1 Linear Aspects: 
Stream analysis ofllic sub-waterslieds sliows tlial SW2, SW3 and SW6 of 3''' 
and 4"^  orders and SW4 and SW7 at 4" order respectively, deviate from general trend 
(Table 4.10). This drainage anomaly may be attributed to moderate relief and/or 
gentle slope (3 to 6"). underlain by varying lithology. To validate the Morton's law, 
stream number and stream order of the sub-watersheds were plotted where SW2 show 
deviation from straight line at l", 2'"'. 3''' and 4'" orders, SW4 and SW7 at l", 2"'' and 
4"' orders. SW6 at !". 2'"' and 3''' orders respectively, whereas, SWl, SW3 and SW5 
show slight deviation from a straight line at 2'"' order (Figure 4.11), indicating a 
regional upliftment. 'fhc stream length ratio (RL) between streams of different orders 
reveal variation in RL values in each sub-watershed (Table 4,11), which may be due 
to difference in slope and topography. SWl, SW3. SW4, SW6 and SW7 show an 
increasing trend in stream length ratio from lower order to higher order indicating 
mature geomorphic stage. But in SW2 and SW5, RL values show variation from one 
order to another order which indicate their late youth stage of geomorphic 
development. Bifurcation ratio (Rb) values vary from 2,00 to 9.00. Migher Rb values 
in SW3 at 2'"'/3''' order. SW4 at 3"'/4"' order, SW6 and SW7 at LV2"'' orders 
respectively indicate structural control on the drainage pattern, while the lower Rb 
values in SWl. SW2 and SW5 are indicative of less structural control. However, the 
Rb value is higher at 3'^'/4" order for whole Kanera watershed suggest that drainage is 
influenced by structural disturbances. Mean bifurcation ratio (Rbm) of the sub-
watersheds lies between 3.36 - 5.77 (Table 4.11) which fall under normal basin 
category, except SW3 and SW6. 
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Figure 4.11: Regression of number of stream segments with stream order 
4.4.5.2 Relief Aspect: 
The relief ratio (Rh) values vary from 0.008 (SW6) to 0.020 (SW2), higher Rh 
values in SWl and SW2 indicate gentle slope (3 to 6 )^ and moderate relief, while 
lower Rh values in SWS, SW4, SWS, SW6 and SW7 suggest very gentle slope (0 to 
3 )^ and low relief (GSI, 1981). 
4.4.5.3 Aerial Aspects: 
Drainage density (D) values vary between 2.50 (SW6) and 3.46 km/km^ 
(SW7), fall in low category. SWl, SW3, SW4, SW5 and SW6 show low drainage 
density suggesting permeable subsoil material and presence of vegetative cover, 
however SW2 and SW7 have relatively high drainage density and indicates less 
permeable material, sparse vegetative cover and moderate relief The drainage density 
of the whole Kanera watershed is 2.92 km/km^ which too falls in low category (Table 
4.11). Stream frequency (Fs) of the sub-watersheds vary from 3.37 (SW6) to 6.59 
(SW2), and exhibit a positive correlation with the drainage density indicating an 
increase in stream population with respect to increase in drainage density, except 
SW4 and SWS which show high stream frequency despite low drainage density. SW3, 
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Table 4.11: Results of the morphometric analysis of the sub-watersheds and whole 
Kanera watershed 
Basin Parameters 
Basin area (A) (knr') 
Bifurcation ratio (Rb) I/II 
Bifurcation ratio (Rb) II/III 
Bifurcation ratio (Rb) 
III/IV 
Bifurcation ratio (Rb) IV/V 
Mean bifurcation ratio 
(Rbm) 
Stream length ratio (RL) 
II/I 
Stream length ratio (RL) 
III/II 
Stream length ratio (RL) 
IV/III 
Stream length ratio (RL) 
V/IV 
Perimeter (P) (km) 
Basin length (Lb) (km) 
Basin width (Lw) (km) 
Drainage density (D) 
( km/km^) 
Stream frequency (Fs) 
Relief ratio (Rh) 
Drainage texture (Rt) 
Basin shape (Bs) 
Form factor (RO 
Circularity ratio (Re) 
Elongation ratio (Re) 
Compactness coefficient 
(Cc) 
Length of overland How 
(Lo)(km) 
Constant of channel 
maintenance (C) 
(per sq ft) 
SWl 
^7 .1 
^ 4.00 
' 4"00 
4.00 
0.35 
0.66 
— 
12.5 ' 
^ 4.5 " 
2.88 
" 5.9r 
0.013 
9.33 
2.85 
0.35 
'0.57" 
0.66" 
0.99 
0.69 
34.7 
SW2 
6^38 "^ 
' 4.57^ "" 
3^ 50 _ 
2.00 
3.36 
0.24 
1.50^ 
0_.33 
9.5 
'" "3 " 
" 2"-5 "' 
3.37 
6.59 
0.02 
14 
1.41 ^ 
0.71 
0.88 
0.95 ^ 
0.84 
0.59 
29.7 
SW3 
' 2.55 
9.00 
5.77 
^0.82 _ 
1.11 
""12.5 " 
5 
__ _2__ 
2.53 
5.58 
0.012 
6.60 
4.23 
0.23 
0.47 
30,557 
1.19 
0.79 ^ 
39.5 
SW4 
16.22 
"' 3.44 " 
2.67 
6.00 
4.04 
^ 0.33 
0.80 
_1.25_ 
'"17.5"' 
5.5 
4.9 
2.71 
4.80 
0.011 
15.6 
1.86 
0.53 
0.66 
70,822 
0.60 
0.73 
36.9 
SW5 
io.i 7 
' 4 3 8 
4.00 
0.44 
0.32 
15 
5 
3 
2.80 
4.42 
0.012 
9 
2.45 
0.41 
0.57 
_o.7y~ 
0.41 
0.71 
35.7 
SW6 
16759" 
6.71 
J_.50_ 
5.11 
0.31 
1.27 
20^~ 
7.5 
4 
2.50 
3.37 
0.008 
7.47 
3.39 
0.30 
0.52 
0.61" 
0.68 
0.80 
40.0 
SW7 
' 6T64" 
5.40 
__2.50_ 
2.00 
3.30 
0.52 
0.55 
1.33 
' "iTs"" 
5.5 
2.5 _ 
3.46 
5.27 
0.011 
6.36 
4.55 
0.22 
0.35 
0.53 
1.31 
0.57 
28.9 
Whole 
Kanera 
watershed 
69.01 
4.18 
3.53 
5.67 
3.00 
4.09 
0.41 
0.76 
0.30 
0.73 
33.5 
11 
8.5 
2.92 
4.81 
0.005 
9.91 
1.75 
0.57 
0.77 
0.85 
0.27 
0.68 
34,2 
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SW6 and SW7 have fine drainage texture whereas, SWl, SW2, SW4 and SW5, are 
characterized by very fine drainage texture. 
Basin shape (Bs) values vary from 1.41 to 4.55 indicate that SW3, SW5 and 
SW6 have weaker flood discharge periods due to their higher bifurcation ratio, 
whereas rest of the four sub-watersheds have sharply peaked flood discharge. The 
form factor (RO values vary from 0.22 (SW7) to 0.71 (SW2), indicating elongated 
shape except SW2 whose value (0.71) is closer to a circular basin, which suggest 
lower peak flows of longer duration. The circularity ratio (Re) ranges from 0.35 
(SW7) to 0.88 (SW2). High Re value i.e. 0.88 (SW2) indicate that SW2 is more or 
less circular characterized by moderate relief The rest six sub-watersheds have Re 
value less than 0.88 indicating elongated shape. The values of elongation ratio (Re) of 
sub-watersheds vary from 0.53 (SW7) to 0.95 (SW2), out of which SWl, SW2, SW4, 
SW5 and SW6 show higher Re values suggesting high infiltration capacity and low 
runoff, whereas SW3 and SW7 have lower Re values which suggest their 
susceptibility to erosion and sedimentation load. The length of overland flow (Lo) 
values of the sub-watersheds range from a lowest of 0.15 for SW2 to a highest of 0.80 
for SW6. SW2 and SW7 show lower values of Lo as they possess high drainage 
density, whereas rest five sub-watersheds show a higher Lo values because of low 
drainage density. The compactness coefficient (Cc) values vary from 0.41 for SW5 to 
1.31 for SW7 showing wide variations across sub-watersheds (Table 4.11), the whole 
Kanera watershed has Ce value of 0.27. Based on results of the drainage parameters 
SW2 seems to be the most hazardous because, it represents a circular shape. Values of 
constant of channel maintenance (C) of sub-watersheds varies from 28.9 (SW7) to 
40.0 (SW6), whereas for whole Kanera watershed it is 34.2 sq.ft. 
4.4.6 Senduwa Watershed 
Senduwa is the third largest amongst the six watersheds, covers an area of 
about 92.35 km', and is located in the south eastern part of the study area. Its eastern 
limit is defined by Senduwa nadi which flows northwards in a meandering pattern and 
finally joins the Sind river at Bijaipura {if 29' 07" L and 24" 34' 14" N). On the 
basis of drainage flow directions, slope, topography, relief and spot height, it has been 
categorized into seven sub-watersheds, designated as SWl, SW2, SW3, SW4, SW5, 
SW6 and SW7 with 6.94 km\ 12.01 km\ 12.98 km^ 16.19 km^ 15.87 km^ 17.52 
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km^ and 10.84 km" area respectively. Amongst the seven sub-watersheds SWl and 
SW2 are of third order. SW3, SW5, SW6 and SW7 are of fourth order, SW4 is of fifth 
order sub-watershed, whereas, Senduwa watershed is of sixth order (Table 4.12). The 
drainage pattern of the Senduwa watershed is predominantly sub-dendritic in nature 
however locally parallel to sub-parallel drainage pattern is also developed (Figure 
4.12). 
4.4.6.1 Linear Aspecls; 
Stream analysis of the sub-watersheds shows that in SWl, SW2, SW3, SW5 
and SW7 the length of stream segments of various orders show variation from general 
trend (Table 4.12). representing a drainage anomaly which may be attributed to 
moderate relief and/gentle slope (3 to 6"), underlain by varying lithology and probable 
upliftment of the basin. To validate the Morton's law, stream number and stream order 
of the sub-watersheds were plotted where SWl show deviation from a straight line at 
1'', 2"'' and 3''' orders, SW3 at 1*', 2"^  and 4"' orders, SW4 show deviation from a 
straight line at T'. 2"^ 4"" and 5"' orders, whereas SW5, SW6 and SW7 show variation 
from the general trend at l", 2"'', 3'^ '' and 4"' orders (Figure 4.13) respectively 
indicating a regional upliftment, however SW2 show a slight variation at 2"'' order 
only. The stream length ratio (RL) between streams of different orders reveals 
variation in each sub-watershed (Table 4.13), which may be due to difference in slope 
and topography. SWl, SW2 and SW6 show an increasing trend in stream length ratio 
from lower order to higher order indicating mature geomorphic stage. But in rest of 
sub-watersheds (SW3, SW4, SW5 and SW7), RL values show variation from one 
order to another order which indicate their late youth stage of geomorphic 
development. Bifurcation ratio (Rb) values vary from 2.00 to 8.00. Higher Rb values 
in SWl (rV2"'' order), SW2 (2"''/3"' order), SW4 (2"''/3''' order), SW5 (2"''/3^'' order), 
SW6 (3"'/4"' order) and SW7 (2'"'/3"' order) indicate structural control on the drainage 
pattern, while the lower Kb values in SW3 is indicative of little structural control. The 
mean bifurcation ratio (Rbm) of sub-watersheds lies between 2.89 - 5.31 which fall 
under normal basin category. 
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Table 4.12: Stream analysis of the sub-watersheds and whole Senduwa watershed 
Sub-watersheds 
SWl 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW2 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW3 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW4 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW5 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW6 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
SW7 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream length (km) 
Whole Senduwa watershed 
No. of streams 
Stream length (km) 
Cummulative stream length (km) 
Mean stream lenjth (km) 
- ,s> -
16 
6.95 
6.95 
0.43 
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11.80 
11.80 
0.56 
" " 7 3 " ' 
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16732 
0J8 
64" ""' 
23.22 
23.22 
0-36 \ 
" T8" 
21.52 
21.52 
0.45 
50 
29.01 
"' 29T01 
29 
11.78""" 
11778 
'^074l 
^ 27T " 
120.60 
120.60 
0.45 
2nd 
3 
3.53 
10.48 
1.18 
8 
7.40 
19.20 
^0 .93 
11 
0 5 
257l7 ' 
0.80 
13.83 
37.05 ' 
0.66 " 
13 
14.03 
35.55 
1.08_ 
14 
9.61 
38.'62 " 
0^69 
8 
6.06 
17.84 
0.76" 
ii 
63.31 
183.91 
0.81 
Stream 
373 
1 
9.06 
19.54 
9.06 
1 
7.42 
^ 26.62 
'7.42 ' 
4 
^"4.23 ' 
'29.40 
^ [ . 0 6 
5 
7.35 
"44.40 
.1.47 ' 
3' ' 
3.09 
38.64 
1.03 
4 
6.63 
"T5725' 
' l766 " 
2 
I'oyif 
27795 
5:06 
" 7o 
47.89 
231.80 
2.39 
Order 
-
-
-
L_ 
2 
5.37 
'34777 ' 
'2.69 
2 
4.41 
1 48.81 
2.21 
1 
8.40 
47.04 
8.40 
" 1 
5.25 ' 
50750 
5.25 
1 
'~0.07 
28.02 
6 
18.87 
250.67 
3.15 
5,1, g,h 
-
-
-
-
-
-
" — 
-
• — 
-
1 
0.78 
49.59' 
a78_^ 
-
-
-
-
-
-
2 
29.34 
280.01 
14.67 
-
-
' 
-
-
-
-
-
-
-
-
— " 
-
-
-
-
" 
-
-
1 
2.00 
282.01 
2.00 
86 
0 / // 
77 22 02 
0 / // 
77 29 25 
2 Kilometers 
A / ' Subwatershed boundary 
1st order 
2nd order 
3rd order 
4th order 
5th order 
6th order 
Watershed boundary 
Water body 
Built up land 
CM 
00 
~CN 
CO 
O 
CO 
"^ 
CM 
0 / // 
77 22 02 
0 / // 
77 29 25 
Figure 4.12: Drainage network of the Senduwa watershed 
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Figure 4.13: Regression of number of stream segments with stream order 
4.4.6.2 Relief Aspect: 
The relief ratio (Rh) values vary from 0.001 (SW5) to 0.014 (SW2), higher Rh 
values in SW2 indicate gentle slope (3 to 6°) and moderate relief, while lower Rh 
values in SWl, SW3, SW4, SW5, SW6 and SW7 may indicate very gentle slope (0 to 
3 )^ and low relief (GSI, 1981). 
4.6.6.3 Aerial Aspects: 
Drainage density (D) values of sub-watersheds vary from 2.22 (SW2) to 3.06 
km/km^ (SW4) fall in low density category. SWl, SW2, SW3, SW6 and SW7 suggest 
permeable subsoil material and presence of vegetative cover, however S W4 and S W5 
have relatively high drainage density suggesting less permeable material, sparse 
vegetative cover and low relief. The drainage density of the whole Senduwa 
watershed also falls in low category i.e. 3.05 km/km^. Stream frequency (Fs) values of 
the sub-watersheds vary from 2.50 (SW2) to 5.74 (SW4) and exhibit a positive 
correlation with drainage density, indicating an increase in stream population with 
respect to increase in drainage density, except for SW3 and SW5, which show high 
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Table 4.13: Results of the morphometric analysis of the sub-watersheds and whole 
Senduwa watershed 
Basin Parameters 
Basin area (A) (km-) 
Bifurcation ratio (Rb) I/II 
Bifurcation ratio (Rb) 11/111 
Bifurcation ratio (Rb) 
III/IV 
Bifurcation ratio (Rb) 
IV/V 
Bifurcation ratio (Rb) 
V/VI 
Mean bifurcation ratio 
(Rbm) 
Stream length ratio (RL) 
Il/I 
Stream length ratio (Ri-.) 
III/II 
Stream length ratio (RL) 
IV/III 
Stream length ratio (RL) 
V/IV 
Stream length ratio (RL) 
VI/V 
Perimeter (P) (km) 
Basin length (Lb) (km) 
Basin width (Lw) (km) 
Drainage density (D) 
(km/km= )^ 
Stream frequency (Fs) 
Relief ratio (Rh) 
Drainage texture (Rt) 
Basin shape (Bs) 
Form factor (Rf) 
Circularity ratio (Re) 
Elongation ratio (Re) 
Compactness coefficient 
(Cc) 
Length of overland flow 
(Lo) (km) 
Constant of channel 
maintenance (C) 
(per sq ft) 
SWl 
6.94 
5.33 
3.00 
4.17 
0.51 
2.57 
20.3! 
6.77 
1.96 
2.82 
2.88 
0.009 
0.98 
6.60 
0.15 
0.21 
0.17 
1.65 
0.71 
35.46 
SW2 
12.01 
2.63 
8.00 
5.31 
0.63 
1.00 
19.94 
4.43 
3.93 
2.22 
2.50 
0.014 
1.50 
1.63 
0.61 
0.38 
0.35 
0.94 
0.90 
45.05 
SW3 
12.98 
3.91 
2.75 
2.00 
2.89 
0.54 
0.48 
1.27 
. 
15.23 
4.83 
3.14 
2.68 
4.62 
0.004 
3.94 
1.80 
0.56 
0.70 
0.38 
0.66 
0.75 
37.31 
SW4 
16.19 
3.05 
4.20 
2.50 
2.00 
2.94 
0.60 
0.53 
0.60 
0.18 
_ 
19.28 
6.45 
3.27 
3.06 
5.74 
0.003 
4.82 
2.57 
0.39 
0.55 
0.29 
0.67 
0.65 
32.68 
SW5 
15.87 
3.69 
4.33 
3.00 
3.67 
0.65 
0.22 
2.72 
. 
_ 
21.50 
7.89 
3.00 
2.96 
4.10 
0.00! 
3.02 
3.92 
0.25 
0.43 
0.22 
0.76 
0.68 
33.78 
SW6 
17.52 
3.57 
3.50 
4.00 
3.69 
0.33 
0.69 
0.79 
. 
17.14 
5.30 
3.87 
2.88 
3.94 
0.002 
4.03 
1.60 
0.62 
0.75 
0.38 
0.55 
0.69 
34.72 
SW7 
10.84 
3.63 
4.00 
2.00 
3.21 
0.51 
1.67 
0.01 
. 
15.72 
5.58 
2.49 
2.58 
3.69 
0.002 
2.54 
2.87 
0.35 
0.55 
0.30 
0.82 
0.78 
38.76 
Whole 
Senduwa 
watershed 
92.35 
3.47 
3.90 
3.33 
3.00 
2.00 
3.14 
0.52 
0.76 
0.39 
1.55 
0.07 
46.55 
15.45 
10.08 
3.05 
4.09 
0.004 
8.12 
2.58 
0.39 
0.54 
0.18 
0.28 
0.66 
32.79 
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stream frequency despite low drainage density. The drainage texture is very coarse in 
SWl and SW2, coarse in SW3, SW5 and SW7 and moderate in SW4 and SW6. 
Basin shape (Bs) values (1.60 to 6.60) indicate SWl and SW2 possess weaker 
flood discharge periods due to their higher bifurcation ratio, whereas SW3, SW4, 
SW5, SW6 and SW7 have sharply peaked flood discharge. The form factor (Rf) 
values vary from 0.15 (SWl) to 0.62 (SW6) indicate elongated shape. The circularity 
ratio (Re) of sub-watersheds range from 0.21 (SWl) to 0.75 (SW6). High Re value 
i.e. 0.75 (SW6) indicates that SW6 is more or less circular in shape characterized by 
low relief The remaining six sub-watersheds have Re value less than 0.75 indicating 
their elongated shapes. The values of elongation ratio (Re) of the sub-watersheds vary 
from 0.17 (SWl) to 0.38 (SW3 and SW6), out of which SW2, SW3 and SW6 show 
higher Re values suggesting high infiltration capacity and low runoff, whereas, SWl, 
SW4, SW5 and SW7 with lower Re values suggest their susceptibility to erosion and 
sedimentation load. The length of overland flow (Lo) values of the sub-watersheds 
range from a lowest of 0.65 for SW4 to a highest of 0.90 for SW2. SW4 and SW5 
show lower values of Lo as they possess high drainage density, whereas rest of the 
five sub-watersheds (SWl. SW2, SW3, SW6 and SW7) show a higher Lo values 
because of low drainage density. The compactness coefficient (Cc) values of the sub-
watersheds vary from 0.55 for SW6 to 1.65 for SWl showing wide variation across 
sub-watersheds (Table 4.13), whereas, the whole Senduwa watershed has Cc value of 
0.28. The results of drainage analysis indicate SW6 being the most hazardous sub-
watershed, since it represents a circular shape. Values of constant of channel 
maintenance (C) of sub-watersheds vary from 32.68 (SW4) to 45.05 (SW2), whereas 
for the Senduwa watershed it is 32.79 sq.ft. 
4.4.7 Major Watersheds of the Area 
The six watersheds namely, Chopan, Makhawan, Niwari, Ghura, Kanera and 
Senduwa with 133.38 km". 163.30 km", 77.14 km^ 34.57 km^ 69.01 km^ and 92.35 
km^ area respectively, geographically spread in 569.72 km . Out of these Ghura is of 
fourth order watershed, Makhawan, Niwari and Kanera are of fifth order watersheds, 
whereas, Chopan and Senduwa are of sixth order watersheds (Table 4.14). The 
drainage pattern of the whole study area is dominated by dendrific to sub-dendritic 
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Table 4.14: Stream analysis of the major six watersheds and whole study area 
Major Six watersheds 
Chopan watershed 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
Makhawan Watershed 
No. of streams 
Stream length (km) 
Cummulative stream lentjth 
(km) 
Mean stream length (km) 
Niwari Watershed 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
Ghura Watershed 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
Kanera Watershed 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
Senduwa Watershed 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
Whole Study Area 
No. of streams 
Stream length (km) 
Cummulative stream length 
(km) 
Mean stream length (km) 
Stream Order 
JS. 
536 
202.50 
202.50 
0.38 
534 
255.02 
255.02 
0.48 
237 
121.83 
121.83 
0.51 
108 
29.62 
29.62 
0.27 
251 
107 
107 
0.43 
271 
120.60 
120.60 
0.45 
1937 
836.57 
836.57 
0.43 
2"" 
143 
98.50 
301.00 
0.69 
150 
98.02 
353.04 
0.65 
60 
50.93 
172.76 
0.85 
28 
12.77 
42.39 
0.46 
60 
44 
151 
0.73 
78 
63.31 
183.91 
0.81 
519 
367.53 
1204.10 
0.71 
3rd 
33 
42.50 
343.50 
1.29 
40 
60.99 
414.03 
1.52 
11 
32.76 
205.52 
2.98 
8 
10.59 
52.98 
1.32 
17 
33.5 
184.5 
1.97 
20 
47.89 
231.80 
2.39 
129 
228.23 
1432.33 
1.77 
4"! 
9 
16.00 
359.50 
1.78 
7 
26.81 
440.84 
3.83 
3 
12.01 
217.53 
4.00 
2 
3.99 
56.97 
1.99 
3 
10 
194.5 
3.33 
6 
18.87 
250.67 
3.15 
30 
87.68 
1520.01 
2.92 
5.,, 
3 
9.00 
368.50 
3.00 
1 
31.90 
472.74 
31.90 
1 
8.19 
225.72 
8.19 
-
-
-
-
1 
7.25 
201.75 
7.25 
2 
29.34 
280.01 
14.67 
8 
85.68 
1605.69 
10.71 
6"^  
1 
1.50 
370.00 
1.50 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1 
2.00 
282.01 
2.00 
2 
3.50 
1609.19 
1.75 
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however locally parallel to sub-parallel drainage pattern is also seen in most of the 
watersheds. 
4.4.7.1 Linear Aspects: 
Stream analysis of the watersheds reveals that in Makhawan and Senduwa 
watersheds the length of stream segments of various orders show variation from 
general trend, representing a drainage anomaly which may be attributed to high relief 
and/or steep slope (9 to 12 ) for Makhawan watershed whereas moderate relief 
and/gentle slope (3 to 6") for Senduwa watershed, underlain by varying lithology and 
probable upliftment of the basin. To validate Horton's law, stream number and stream 
order of the watersheds were plotted where Chopan and Senduwa watersheds show 
deviation from a straight line at T', 2'"', 3"\ 4"' and 6"' orders, Makhawan, Ni wari and 
Kanera watersheds show deviation from a straight line at l", 2'"', 3'^ '', and 5"^  orders 
respectively, whereas Ghura watershed show at 1^ ', 2"'', 3'^ '' and 4"^  order (Figure 4.14) 
respectively indicating a regional upliftment. The stream length ratio (RL) between 
streams of different orders reveals variation in each watershed (Table 4.15), which 
may be due to difference in slope and topography. All the six watersheds show a 
change in RL values from one order to another order which indicate their late youth 
stage of geomorphic development. Bifurcation ratio (Rb) values vary from 1.00 to 
7.00. Higher Rb values in Chopan (2"''/3'^ order), Makhawan (3 '^'/4"^  and 4"V5"' 
orders), Niwari (2"''/3''' order), Ghura (3"'/4"^ order), Kanera (2"''/3''' order) and 
Senduwa (2"''/3"' order) watersheds, indicate structural control on the drainage pattern. 
The mean bifurcation ratio (Rbm) of watersheds lies between 3.14 - 4.20 which falls 
under normal basin category. 
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Figure 4.14: Regression of number of stream segments with stream order of all 
watersheds 
4.4.7.2 Relief Aspect: 
The relief ratio (Rh) values vary from 0.004 (Senduwa) to 0.009 (Ghura), 
higher Rh values in Ghura, Chopan, Niwari and Makhawan watersheds indicate steep 
and very steep slopes (9 to 12° and 12 to 15°) and high relief, while lower Rh values in 
Kanera and Senduwa watersheds may indicate very gentle slope (0 to 3 ) and low 
relief. 
4.4.7.3 Aerial Aspects: 
Drainage density (D) values of watersheds vary from 1.64 (Ghura) to 3.05 
km/km^ (Senduwa) fall in low density category. Ghura suggesting permeable subsoil 
material and presence of vegetative cover, however Chopan, Makhawan, Niwari, 
Kanera and Senduwa watersheds have relatively high drainage density and indicate 
less permeable material, sparse vegetative cover and high to moderate relief. Stream 
frequency (Fs) values of the watersheds vary from 4.04 (Niwari) to 5.43 (Chopan) and 
exhibit a positive correlation with drainage density, indicating an increase in sfream 
population with respect to increase in drainage density, except Makhawan, Niwari and 
Kanera watersheds which show high sfream frequency despite low drainage density. 
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Table 4.15: Results of the morphometric analysis of the six major watersheds 
Basin parameters 
Basin area (A) (km )^ 
Bifurcation ratio (Rb) 
I/II 
Bifurcation ratio (Rb) 
n/iii 
Bifurcation ratio (Rb) 
III/IV 
Bifurcation ratio (Rb) 
Bifurcation ratio (Rb) 
V/VI 
Mean bifurcation ratio 
(Rbm) 
Stream length ratio (RL) 
Il/I 
Stream length ratio (RL) 
III/II 
Stream length ratio (RL) 
IV/III 
Stream length ratio (RL) 
V/IV 
Stream length ratio (RL) 
VIA' 
Perimeter (P) (km) 
Basin length (Lb) (km) 
Basin width (Lw) (km) 
Drainage density (D) 
(km/km^) 
Stream frequency (Fs) 
Relief ratio (Rh) 
Drainage texture (Rt) 
Basin shape (Bs) 
Form factor (Rf) 
Circularity ratio (Re) 
Elongation ratio (Re) 
Compactness coefficient 
(Cc) 
Length of overland flow 
(Lo) (km) 
Constant of channel 
maintenance (C) 
(per sq ft) 
Chopan 
watershed 
133.38 
3,75 
4,33 
3.67 
3.00 
3.00 
3.55 
0.40 
0.64 
0.52 
1.00 
3.67 
60.04 
17.25 
13.41 
2.77 
5.43 
0.008 
12.07 
2.23 
0.48 
0.46 
0.17 
0.24 
0.72 
36.10 
Makhawan 
watershed 
163.30 
3.56 
3.75 
5.71 
7.00 
1.00 
4.20 
0.38 
0.62 
0.44 
1.19 
_ 
62.10 
18.34 
12.72 
2.89 
4.48 
0.005 
11.78 
2.06 
0.49 
0.53 
0.18 
0.21 
0.69 
34.60 
Niwari 
watershed 
77.14 
3.95 
5.45 
3.67 
3.00 
1.00 
3.41 
0.42 
0.64 
0.37 
0.68 
_ 
41.60 
13.76 
10.27 
2.93 
4.04 
0.006 
7.50 
2.45 
0.41 
0.56 
0.20 
0.30 
0.68 
34.13 
Ghura 
watershed 
34,57 
3.86 
3.50 
4,00 
2.00 
3.34 
0.58 
0.48 
0.54 
-
_ 
_ 
27.11 
8.09 
6.05 
1.64 
4.22 
0.009 
5.39 
1.89 
0.53 
0.59 
0.27 
0.44 
1.22 
60.97 
Kanera 
watershed 
69.01 
4.18 
3.53 
5.67 
3.00 
4.09 
0.41 
0.76 
0.30 
0.73 
_ 
_ 
33.5 
11.00 
8.5 
2.92 
4.81 
0.005 
9.91 
1.75 
0.57 
0.77 
0.85 
0.27 
0.68 
34.2 
Senduwa 
watershed 
92.35 
3.47 
3.90 
3.33 
3.00 
2.00 
3.14 
0.52 
0.76 
0.39 
1.55 
0.07 
46.55 
15.45 
10.08 
3.05 
4.09 
0.004 
8.12 
2.58 
0.39 
0.54 
0.18 
0.28 
0.66 
32.79 
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The Ghura watershed shows moderate drainage texture, Niwari has fine, whereas 
Chopan, Makhawan, Kanera and Senduwa watersheds possess vary fine drainage 
texture (Table 4.15). 
Basin shape (Bs) values vary from 1.75 (Kanera) to 2.58 (Senduwa) indicate 
that Makhawan and Kanera watersheds have weaker flood discharge periods due to 
their higher bifurcation ratio, whereas Chopan, Niwari, Ghura and Senduwa 
watersheds have sharply peaked flood discharge. The form factor (Rf) values vary 
from 0.39 (Senduwa) to 0.57 (Kanera), which indicate their elongated shape. 
However Kanera has a value of 0.57 which is close to circular basin. Flood flows of 
elongated basins (Chopan, Makhawan, Niwari, Ghura and Senduwa) are easier to 
manage than those of circular basin (Kanera). The circularity ratio (Re) of watersheds 
range from 0.46 (Chopam) to 0.77 (Kanera). High Re value i.e. 0.77 (Kanera) indicate 
that it is more or less circular in shape. The other watersheds (Chopan, Makhawan, 
Niwari, Ghura and Senduwa) have Re value less than 0.77, indicating elongated 
shape. The values of elongation ratio (Re) of the watersheds vary from 0.17 (Chopan) 
to 0.85 (Kanera). High Re value in Kanera watershed suggest high infiltration 
capacity and low runoff Chopan, Makhawan, Niwari, Ghura and Senduwa 
watersheds have lower Re values suggesting their susceptibility to erosion and 
sedimentation load. The length of overland flow (Lo) values of the watersheds range 
from a lowest of 0.66 lor Senduwa lo a highest of 1.22 for Ghura watershed. Chopan, 
Makhawan, Niwari, Kanera and Senduwa show lower values of Lo as they possess 
high drainage density, whereas Ghura watershed show a higher Lo values because of 
low drainage density. The compactness coefficient (Cc) values of the watersheds vary 
from 0.21 for Makhawan to 0.44 for Ghura representing variation across the 
watersheds ('fable 4.15). The results of the drainage analysis indicate that the Kanera 
watershed is the most hazardous, since it represents more or less circular shape. 
Values of constant of channel maintenance (C) of watersheds vary from 32.79 
(Senduwa) to 60.97 (Ghura). 
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4.5 Slope and Drainage Density Co-relationship 
13rainage pattern contemplates local conditions such as surface drainage 
conditions, underlying geology, type of landform. slope, erosion, land use and soil 
development (Anon. 1990). The drainage map was superimposed on the slope map 
using Arc-View 3.2, in order to find out the spatial relationship betwen drainage 
development and slope of the area (Figure 4.15). A major part of the study area 
possesses \cry gentle slopes (0 - 3"). however moderate to steep slopes are also 
present wherever rock exposures are encountered. Very gentle slope is dominant in all 
the six watersheds but is prominent in SWl and SW2 of Makhawan. SW2, SW3. 
SW4 and SW5 of Niwari, SWl, SW2, SW4, SW5 and SW6 of Ghura. SW2. SW3. 
SW4, SW5. SW6 and SW7 of Kanera and SW3, SW4, SW5. SW6 and SW7 of 
Senduwa watershed. Gentle slopes are associated with low drainage densit)- and low 
stream frequency, (jentle slopes (3 - 6") are observed in SWl and SW2 of Chopan. 
SW3. SW4 and SW5 of Makhawan. SWl of Kanera and SWl of Senduwa watershed, 
which are characterized by relatively higher drainage density and high stream 
frequency bvit in case of Kaneva watershed SWl, shows low drainage density. 
Moderate slopes (6 - 9") arc found in SW4 and SW5 of Chopan. SW6 and SW7 of 
Makhawan. SWl and SW6 of Niwari and SW3 of Ghura watershed. Moderate slopes 
are associated with medium drainage density and stream frequency. Steep slopes (9 -
12°) are encountered in SW6 and SW7 of Makhawan, SWl and SW6 of Niwari and 
SW3 of Ghura watershed. These slopes are also associated with medium drainage 
density and medium stream frequency. Very steep slopes (12 - 15 ) arc confined to 
Chopan watershed only that too in SW4, which is associated with high drainage 
density and high stream frequency (l-'igure 4.15). 
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Figure 4.15: Drainage map superimposed on slope map 
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5.1 General Statement 
Every parcel of land on the Earth's surface is unique in the cover it possesses 
(Moshen, 1999). The terms land use and land cover (LULC) are often used 
synonymously to describe maps that provide information about the types of features 
found on earth's surface (land cover) and the human activity that is associated with 
them (land use). The term land cover originally referred to the kind and state of 
vegetation, such as forest or grass cover but it has broadened in subsequent usage to 
include other things such as human structures, soil type, biodiversity, surface and 
ground water (Meyer, 1995). Land use/land cover analysis is one of the commonly 
used methods for planning, development and management of natural resources. 
Information on existing land use/land cover, its spatial distribution and change are 
essential pre-requisite for planning (Dhinwa et al., 1992). Changes in land cover by 
land do not necessarily imply degradation of the land. However, many shifting land 
use patterns driven by a variety of social causes, result in land cover changes that 
affects biodiversity, water and radiation budgets, trace gas emissions and other 
processes that come together to affect climate and biosphere (Riebsame et al., 1994). 
Changes in land cover may also be brought by natural events such as weather, 
flooding, fire, climate fluctuations, and ecosystem dynamics. 
5.2 Remote Sensing and GIS in Land use/land cover Studies 
Application of remote sensing data, because of its repetitive and synoptic 
coverage capabilities, is an important tool for obtaining and monitoring land use/land 
cover changes (Andersen et al., 1976; Rasch, 1994; Green et al., 1994; Kam, 1995. 
Luque, 2000, Maselk cl al., 2000; Nayak et al., 1985, 1986, 1989; Yang and Lo, 
2002). Preparation of the land-use maps by conventional methods is time consuming 
and expensive, at the same time ground surveys may not be feasible in some areas. 
The changing land-use patterns require frequent updating of land-use maps of an area. 
Since remote sensing provides multi-spectral and multi-temporal synoptic coverages, 
it is regarded as a permanent and authentic record of the land-use patterns of a 
particular area at any given time. On the other hand, GIS provides facility to integrate 
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multi-data sets for detailed analysis in an easy and logical way. This integrated remote 
sensing and GIS approach has become a time-saving and cost-effective tool for 
analyzing spatial and non-spatial data (Prakash and Gupta, 1998). 
The use of panchromatic, medium scale aerial photographs in land use 
analysis has been an accepted practice since the 1940s. More recently, small scale 
aerial photographs and satellite images have been utilized for land use/land cover 
mapping (Lillesand et al., 2004). With the recent advancement in the satellite remote 
sensing and development of sophisticated tools for the analysis of spatial and non-
spatial data, the ability to quantify various attributes of eco-system has increased 
tremendously (Kasturirangan, 2001). The satellite data provides a synoptic view of 
the earth's surface with repetitive coverage which has become a very good tool to 
monitor the changes on a regular basis at landscape level (Luque, 2000). The 
characterization of land use/land cover from satellite data, has conventionally 
provided a means of assessing a large geographical area within a short time. This is 
generally achieved using either visual interpretation or digital interpretation methods 
(Shetty, et al., 2005). For sustainable use of land resources it is very important to 
understand land use/land cover changes and its implications on ecosystem to identify 
the rate of change in land use/land cover, key drivers which cause land use/land cover 
changes and their association with climate at regional scale require data analysis over 
a considerable period of time and space (Andreae, 2002). 
Multi-date satellite data is used for change detection studies. Change detection 
is the process of identifying differences in the state of an object or phenomenon by 
observing it at different times and is an important process in monitoring and 
managing of natural resources (Singh, 1989). The process of change detection is 
premised on the ability to measure temporal impacts (Sabins, 1987). The basic 
premise of the change detection through remote sensing is spectral signatures 
commensurate with the change in the land cover (Roy and Ravan, 1996). Detection of 
changes in the land use/ land cover involves use of at least two period data sets which 
are superimposed (Jensen, 1986). The changes in land use/land cover due to natural 
and human activities can be observed and analyzed using current and archived 
remotely sensed data (Luong. 1993). Maclcod and Congalton (1998) stated that 
remote sensing considers following four aspects of change detection. 
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(i) detect the changes that have occurred 
(ii) identify the nature of the change 
(iii) measure the aerial extent of change and 
(iv) assess the spatial pattern of the change. 
Visual interpretation of remotely sensed data is an effective method of 
classifying land cover especially when the analyst is familiar with the area being 
classified. This method uses skills that were originally developed for interpreting 
aerial photographs, and takes into consideration image characteristics such as tone, 
texture, shape, pattern, relationship with other objects to identify different land cover 
classes. Remote sensing data analysis is supported by field/ground truth verification 
carried out in key areas to ascertain the veracity of the satellite data. 
hi hidia, some of the recent studies on land use/land cover and change analysis 
using remote sensing technique have been carried out by Mohanty (1994) in North 
Bhubanswer, Orissa; Ghosh et al., (1996) in mountainous region of Himalayas; 
Menris (1997) in Gharwal Himaliyas; Prakash and Gupta (1998) in Jharia coal field, 
Bihar; Jaiswal et al., (1999) and Minakshi et al., (1999) in Shahdol district of Madhya 
Pradesh and Dehlon block of Ludhiana district of Punjab repectively; Sudhakar et al., 
(1999) in Jaldapara Wildlife Sanctuary, Jalpaiguri, West Bengal; Brahmabhatt et al., 
(2000) in command area in Kheda district of Gujarat; Bisht and Kothyari (2001) in 
district Bageshwar, Uttaranchal; Mahajan et al., (2001) in Ashwani khad watershed in 
Almora district; Sarma el al., (2001) in Godavari delta region; Gawande et al., (2002) 
around Kamthi area. Maharashtra; Chauhan et al., (2003) in Sal Forest Division, 
Dehradun; Sikdar. el al., (2004) in Bardhaman district. West Bengal; Joshi and 
Gairola (2004) in Balkhila sub-watershed situated in Garhwal Himalayas; Mahajan et 
al., (2005) in Ashwani Khad watershed mid hill zone of Himachal Pradesh and Raju 
and Kumar (2006) in Udambanchola Taluk, Idukki district, Kerala. 
The present study has been carried out using IRS-1A LISS II data of 1989 and 
IRS-IC LISS III data of 2001 using visual interpretation methods. Since remote 
sensing satellite data of 1989 and 2001 correspond to the month of February, it was 
necessary to visit the field in the same month for ground truth verification. Visually 
interpreted satellite data is always abided through ground truth verification carried out 
in doubtful areas/locations to check the veracity of the satellite data. Hence limited 
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ground truth verification was executed during February 2006 and 2007, in Chopan, 
Makhawan and Kanera watersheds because these watersheds cover most of the land 
use categories and have different physical set up. Pre-field interpretation were 
rectified and resolved after the ground truth verification was conducted in the field 
and final land use/land cover maps were prepared for each watershed after 
incorporating field inputs. 
5.3 Image characteristics of land use categories 
The land use/land cover mapping at watershed level was carried out using IRS 
lA LISS II geocoded FCC of 8''^  February 1989 and IRS ID LISS III FCC of 2?"^  
February 2001. Visual interpretation technique led to the identification of following 
land use land cover categories were delineated in the study area. 
Cultivated land (CL) 
Uncultivated land (UCL) 
Dense forest (DF) 
Open forest (OF) 
Open scrub (OS) 
Wasteland (WL) 
Water bodies (WB) 
Rocky area (RA) 
Built-up land (BL) 
The cultivated land is recognized on FCC by its red tone, smooth texture and 
regular to sub-regular boundary outlines whereas, uncultivated land exhibit grey tone, 
coarse texture, irregular boundary outline and haphazard patterns. Dense forest is 
identified by its dark red/brown tone, smooth texture, scattered pattern and association 
with high relief zones (563 to 570 m). Open forest exhibits greenish tone, coarse 
texture, contiguous to non-contiguous pattern and association with relatively low to 
moderate relief zones (516 m), whereas open scrub is identified by its pinkish to light 
yellow tone, irregular boundary outline and rough texture. Wasteland normally 
exhibits light tone because of high reflectance, irregular pattern with smooth texture, 
absence of any land use activity or natural vegetation and its proximity to cultivated 
land/uncultivated land. Water bodies appear dark on satellite data due to absorption of 
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incoming IR radiation in the near infra red region, hence they exhibit dark tone, 
smooth texture, sharp boundary outline and sharp contact with other land uses. The 
rocky area is identified by its greenish to brownish tone, rough texture, moderate to 
high relief (532 m) and occurs as isolated hillocks. The built-up land or settlement is 
characterized by magenta tone with irregular shape, near circular boundary outline 
and sharp contact with adjacent land use. Fort is identified by the brownish tone, 
presence of vegetation, sharp outline boundary and the typical geometry of a 
historical building. The results of land use/land cover analysis at watershed level are 
discussed in the next section: 
5.4 Chopan Watershed 
Chopan watershed is situated in the south-western part of the study area and is 
named after the Chopan river, covers an area of about 133.38 km . It has been 
demarcated into five sub-watersheds designated as SWl to SW5 and land use/land 
cover analysis has been carried out using 1989 and 2001 satellite data. Sub-watershed 
wise details of each land use category and the resulting spatial difference computed 
using 1989 and 2001 satellite data are given in Table 5.1. The details of land use/land 
cover in and their spatial changes within the watershed are described in the following 
section. 
5.4,1 Land use/land cover (1989): 
The Chopan watershed can be described as a forested watershed, because it 
has 42.15 km^ area under dense forest, which accounts to about 31% of the total area 
of the watershed. The other forest categories, i.e. open forest is the second dominant 
land cover category, which is spread in an area of about 38.05 km^, whereas open 
scrub occupies substantial area. i.e. 14.86 kml Fi gure 5.1 shows field photograph of 
open scrub in Chopan watershed near Binaikheri village. The natural vegetative cover 
in the watershed is spread in 95 km" area which is about 71% of the total watershed 
area. Dense forest represent areas that have canopy cover >40%, between 40-10% 
correspond to open forest and <10% signify open scrub. The cultivated land is the 
next dominant land use category which occupying 18.29 km^ area, which is mostly 
confined to the north-eastern and south-eastern parts of the watershed. SWl has the 
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Table 5.1: Land use/land cover change analysis of the Chopan watershed 
Land use/land 
cover category 
SWl 
Cuhivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Buih up land 
Total 
SW2 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
SW3 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Fort 
Total 
SW4 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
SW5 
Land use/land cover 
1989 
Area in 
(Sq.km) 
8.09 
3.09 
18.0 
6.81 
2.94 
2.58 
0.11 
41.62 
4.12 
2.19 
7.75 
8.03 
3.71 
5.01 
0.38 
0.08 
31.27 
3.37 
1.88 
8.79 
6.37 
3.75 
-
0.18 
0.28 
0.16 
24.78 
1.68 
-
2.02 
4.81 
1.42 
-
0.13 
0.10 
10.16 
Area in 
(%) 
19.44 
7.42 
43.25 
16.36 
7.06 
6.21 
0.26 
100.00 
13.18 
7.00 
24.78 
25.68 
11.86 
16.02 
1.22 
0.26 
100.00 
13.60 
7.59 
35.47 
25.70 
15.13 
-
0.73 
1.13 
0.65 
100.00 
16.54 
-
19.88 
47.34 
13.98 
-
1.28 
0.98 
100.00 
Land use/land cover 
2001 
Area in 
(Sq.km) 
4.16 
11.19 
9.31 
8.15 
2.34 
6.31 
0.16 
41.62 
4.12 
6.83 
6.93 
5.99 
0.98 
5.96 
0.32 
0,14 
31.27 
4.64 
2.86 
6.62 
6.36 
0.34 
3.16 
0.20 
0.44 
0.16 
24.78 
1.03 
1.76 
2.15 
4.13 
0.02 
0.20 
0.72 
0.15 
10.16 
Area in 
(%) 
9.99 
26.89 
22.37 
19.58 
5.63 
15.16 
0.38 
100.00 
13.18 
21.84 
22.16 
19.16 
3.13 
19.06 
1.02 
0.45 
100.00 
18.72 
11.54 
26.71 
25.67 
1.37 
12.75 
0.81 
1.78 
0.65 
100.00 
10.14 
17.32 
21.16 
40.65 
0.20 
1.96 
7.09 
1.48 
100.00 
Land use change 
analysis 
2001 - 1989 
Difference 
in area 
(Sq.km) 
-3.93 
8.10 
-8.69 
1.34 
-0.6 
3.73 
0.05 
No change 
4.64 
-0.82 
-2.04 
-2.73 
0.95 
-0.06 
0.06 
1.27 
0.98 
-2.17 
-0.01 
-3.41 
3.61 
0.02 
0.16 
No change 
-0.65 
1.76 
0.13 
-0.68 
-1.40 
0.20 
0.59 
0.05 
Difference 
in area 
(%) 
-9.44 
19.46 
-20.88 
3.22 
-1.44 
8.96 
0.12 
No change 
14.84 
-2.62 
-6.52 
-8.73 
3.04 
-0.19 
0.19 
5.13 
3.95 
-8.76 
-0.04 
-13.76 
14.57 
0.08 
0.65 
No change 
-6.40 
17.32 
1.28 
-6.69 
-13.78 
1.97 
5.81 
0.49 
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Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
Whole Chopan 
watershed 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Fort 
Total 
1.03 
1.08 
5.59 
12.03 
3.04 
2.32 
0.33 
0.13 
25.55 
18.29 
8.24 
42.15 
38.05 
14.86 
9.91 
1.02 
0.70 
0.16 
133.38 
4.03 
4.23 
21.88 
47.08 
11.90 
9.08 
1.29 
0.51 
100.00 
13.71 
6.18 
31.60 
28.53 
11.14 
7.43 
0.76 
0.52 
0.12 
100.00 
2.40 
1.64 
4.20 
12.32 
0.12 
3.40 
1.13 
0.34 
25.55 
16.35 
24.28 
29.21 
36.95 
3.80 
19.03 
2.37 
1.23 
0.16 
133.38 
9.39 
6.42 
16.44 
48.22 
0.47 
13.31 
4.42 
1.33 
100.00 
12.26 
18.20 
21.90 
27.70 
2.85 
14.27 
1.78 
0.92 
0.12 
100.00 
1.37 
0.56 
-1.39 
0.29 
-2.92 
1.08 
0.80 
0.21 
-1.94 
16.04 
-12.94 
-1.10 
-11.06 
9.12 
1.35 
0.53 
No change 
5.36 
2.19 
-5.44 
1.14 
-11.43 
4.23 
3.13 
0.82 
-1.45 
12.03 
-11.95 
-0.82 
-8.29 
6.84 
1.01 
0.40 
No change 
Note: Negative values here do not necessarily show negative change, as referred in the text. 
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Figure 5.1: Open scrub near Binaikheri village in Chopan watershed 
largest area under cultivalion, i.e. 8.09 km , whereas SW5 has smallest area 1.03 km^ 
under cultivated land category. Uncultivated land occupies an area of 8.24 km .^ It is 
interesting to note that SW4 is devoid of uncultivated land. Figure 5.2 is filed 
photograph showing uncultivated land in Chopan watershed near Bajranggarh town. 
The area under wasteland is spread in 9.91 km^ area, mainly confined to SWl, SW2 
and SW5. but is conspicuous by its absence in SW3 and SW4. The area under water 
body is about 1.02 km" whereas built-up land occupies an area of about 0.70 km .^ The 
area occupied by a historical fort which is a land mark feature of SW3, covers an area 
of 0.16 knr. Figure 5.3 presents land use/land cover map derived through 
interpretation of 1989 IRS data. 
5.4.2 Land use/land cover (2001): 
In 2001, the watershed occupies an area of about 29.21 km under dense forest 
which is 21.90% of the total watershed area. Open forest occupies an area of 36.95 
km ,^ which is wide spread in almost all the sub-watersheds. Open scrub though 
present in all the sub-watersheds but only has an area of 3.80 km . The total natural 
vegetative cover in the watershed is about 69 km which accounts 52% of the total 
area of the watershed. The cultivated land occupies an area of 16.35 km , confined to 
north, north-western and south-western parts of the watershed and is reported from all 
the sub-watersheds. SW3 has the largest area under cultivation, i.e. 4.64 km , whereas 
SW4 has smallest area 1.03 km^ under cultivated land. Uncultivated land occupies 
24.28 km'^  area and is reported from all sub-watersheds. The area under wasteland is 
19.03 km'^ , which is well spread in all the sub-watersheds. Figure 5.4 showing 
wasteland east of Bajranggarh town in Chopan watershed. Water body occupies an 
area of 2.37 km" and built-up land covers 1.23 km area, well distributed in all the 
sub-watersheds. The area occupied by fort remains constant at 0.16 km .^ Figure 5.5 
presents land use/land cover map derived through interpretation of 2001 IRS data. 
5.4.3 Land use/land cover change (1989 - 2001): 
A comparative analysis of the 1989 and 2001 land use/land cover reveals 
decrease in area under the following land use/land cover categories: 
• Cultivated land 
• Dense forest 
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Figure 5.2: Uncultivated land near Bajranggarh town in Chopan watershed 
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Figure 5.3: Land use/land cover map of Chopan watershed based on IRS LISS II (1989) 
Figure 5.4: Wasteland (in the foreground) east of Bajranggarh town in Chopan watershed 
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Figure 5.5: Land use/land cover map of Chopan watershed based on IRS LISS III (2001) 
• Open forest 
• Open scrub 
The cultivated land has decreased from 18.29 km^ in 1989 to 16.35 km^ in 
2001, showing 1.94 km^ (10.61%) decrease with respect to 1989 area probably due to 
absence of assured irrigation. Most of the cultivated land of 1989 has been converted 
into uncultivated land/wasteland by the year 2001. Amongst the sub-watersheds 
maximum decline in cultivated land is reported from SWl followed by SW4, however 
there is marginal increase in SW3 and SW5, whereas in SW2 the cultivated land has 
remained unchanged. The area under dense forest has reduced from 42.15 km^ in 
1989 to 29.21 km' in 2001, which is 12.94 km^ (30.70%) decrease in its aerial extent 
with respect to 1989. The dense forest of 1989 has been degraded to open forest and 
open scrub by the year 2001. The maximum degradation in dense forest is reported 
from SWl followed b}' SW3, SW2, SW5 and SW4. The area under open forest has 
marginally decreased from 38.05 km in 1989 to 36.95 km in 2001. However, open 
forest shows little changes in the aerial extent and most of the open forest in 1989 
remained unchanged except at few places where it has been converted into open 
scrub, wasteland and water body by the year 2001 due to anthropogenic activities. 
Within the sub-watersheds, open forest has marginally decreased across all sub-
watersheds except SWl and SW5 which show increase in its aerial extent. The area 
under open scrub has decreased from 14.86 km"^  in 1989 to 3.80 km^ in 2001, which is 
11.06 km^ (74.43%) decrease in open scrub with respect to 1989. Most of the open 
scrub in 1989 has been converted into wasteland/water body by the year 2001. The 
decline in area under dense forest, open forest and open scrub may be attributed to 
anthropogenic activities, construction of dams/reservoir on the Chopan river, 
population pressure etc. 
The following land use/land cover categories reported an increase in area from 
1989 to 2001: 
• Uncultivated land 
• Wasteland 
• Water body 
• Built-up land 
The area under uncultivated land has increased from 8.24 km'^  in 1989 to 
24.28 km" in 2001. showing 16.04 km"" increase, i.e. almost three times with respect to 
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1989, which may be attributed to decline in rainfall and depleting water table 
affecting the rain-fed agricultural out-put. A substantial area under cultivated land in 
1989 has been converted into uncultivated land by the year 2001. The maximum 
increase in area under uncultivated land is reported from SWl followed by SW2, 
SW4, SW3 and SW5. However, uncultivated land is not reported in SW4 in 1989, but 
is reported in 2001. Wasteland has increased from 9.91 km^ in 1989 to 19.03 km^ in 
2001, registering a 9.12 km" increase, i.e. almost doubled with respect to 1989, well 
spread across all sub-watersheds. The maximum increase is reported from SWl 
followed by SW3. SW5, SW2 and SW4. Wasteland is absent in SW3 and SW4 in 
1989, but is reported in 2001. The increase in the area under wasteland category is 
probably due to natural degradation of soil, especially in cultivated land tmd sparse 
vegetation areas. This is corroborated well with open scrub and cultivated land of 
1989 converted to wasteland by the year 2001. The area occupied by water body has 
increased from 1.02 km" in 1989 to 2.37 km in 2001, which is 1.35 km increase, i.e. 
more than two times with respect to 1989, primarily due to the construction of Gopi 
Sagar Krishna Dam on the Chopan river in 1995 resulting in a large reservoir in SW4 
and SW5. The area under wasteland, uncultivated land and open forest in 1989 has 
been converted into reservoir (water body) by 2001. The area under built-up 
land/settlement has increased from 0.70 km^ in 1989 to 1.78 km^ in 2001, which is 
0.53 km', registering more than two times increase in its aerial extent. The increase in 
the area under built-up land is evident from the increase in total population from 
6,924 in 1991 to 8,290 in 2001 of the villages falling in the watershed. Figure 5.6 
presents changes in area under land use/land cover categories from 1989 to 2001. 
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Figure 5.6: Change in area under land use/land cover categories (1989-2001). 
5.5 Makhawan Watershed 
Makhawan watershed is situated in the north-western part of the study area, is 
named after the village Makhawan and covers an area of about 163.30 km^. It has 
been demarcated into seven sub-watersheds designated as SWl to SW7 for which 
land use/land cover analysis has been carried out using 1989 and 2001 satellite data. 
Sub-watershed wise details of each land use category and the resulting spatial 
difference computed using 1989 and 2001 satellite data are given in Table 5.2. The 
details of land use/land cover and their spatial changes within the watershed are 
described in the following section. 
5.5.1 Land useAand cover (1989): 
The Makhawan watershed can also be described as a forested watershed, 
because it has 55.40 km^ area under open forest, which accounts nearly 33% of the 
total area of the watershed. Figure 5.7 shows a field photograph of dense forest in 
Makhawan watershed near Bilonia village. The other forest category, i.e. dense forest 
is spread in 18.24 km"^  area, whereas open scrub occupies 18.15 km^ area. The natural 
vegetative cover in the watershed is spread in 91 km^ area which is nearly 56% of the 
total watershed area. The cultivated land is the second dominant land use category 
which occupies an area of 37.24 km^, mostly confined to the south-eastern 
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Tabic 5.2: Land use/land cover change analysis of the Makhawan watershed 
Land use/land 
cover category 
SWl 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Water body 
Buih up land 
Total 
SW2 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
SW3 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
SW4 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
Land use/land cover 
1989 
Area in 
(Sq.km) 
"~" 6?75" "~ 
1.69 
6.77 ^ 
2.76 
1.81 
0.20 
3.04 
23.02 
6.74 
2.77 
1.98 
7.01 
1.10 
1.10 
"""" 0.57 
0.09 
21.36 
5.81 
3.09 
5.05 
7.53 
3.68 
1.39 
0.41 
0.15 
27.11 
2.67 
3.49 
3.67 
6.87 
3.16 
0.55 
0.99 
0.04 
21.44 
Area in 
(%) 
29.32 
7.34 
29.41 
11.99 
7.86 
0.87 
13.21 
100.00 
31.55 
12.97 
9.27 
32.82 
5.15 
5.15 
2.67 
0.42 
100.00 
21.43 
11.40 
18.63 
27.78 
13.57 
5.13 
1.51 
0.55 
100.00 
12.45 
16.28 
17.12 
32.04 
14.74 
2.56 
4.62 
0.19 
100.00 
Land use/land cover 
2001 
Area in 
(Sq.km) 
4.27 
5.93 
2.44 
1.82 
3.14 
-
5.42 
23.02 
4.49 
8.39 
0.92 
5.04 
0.97 
0.71 
0.46 
0.38 
21.36 
2,06 
9.82 
4.84 
4.98 
3.04 
1.35 
0.61 
0.41 
27.11 
5.22 
5.03 
3.70 
2.19 
2.24 
1.87 
1.11 
0.08 
21.44 
Area in 
(%) 
18.55 
25.76 
10.60 
7.91 
13.64 
-
23.54 
100.00 
21.02 
39.28 
4.31 
23.60 
4.54 
3.32 
2.15 
1.78 
100.00 
7.60 
36.22 
17.85 
18.37 
11.21 
4.98 
2.25 
1.52 
100.00 
24.35 
23.46 
17.26 
10.21 
10.45 
8.72 
5.18 
0.37 
100.00 
Land use change analysis 
2001 - 1989 
Difference 
in area 
(Sq.km) 
-2.48 
4.24 
-4.33 
-0.94 
1.33 
-0.20 
2.38 
-2.25 
5.62 
-1.06 
-1.97 
-0.13 
-0.39 
-0.11 
0.29 
-3.75 
6.73 
-0.21 
-2.55 
-0.64 
-0.04 
0.20 
0.26 
2.55 
1.54 
0.03 
-4.68 
-0.92 
1.32 
0.12 
0.04 
Difference 
in area 
(%) 
-10.77 
18.42 
-18.81 
-4.08 
5.78 
-0.87 . 
10.34 
-10.53 
26.31 
-4.96 
-9.22 
-0.61 
-1.83 
-0.51 
1.36 
-13.83 
24.82 
-0.77 
-9.41 
-2.36 
-0.15 
0.74 
0.96 
11.89 
7.18 
0.14 
-21.83 
-4.29 
6.16 
0.56 
0.19 
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SW5 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Total 
SW6 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Total 
SW7 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
Whole 
Makhawan 
watershed 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
2.89 
1.27 
1.76 
' """5,75 
2.07 
1.53 
1.28 
16.55 
3.74 
2.91 
4,77 
8.90 
3.58 
0.07 
2.31 
26.28 
8T64 
"2747'""" 
1,01 
12,57 
1,80 
0.24 
0.76 
0.05 
27.54 
37.24 ^ 
17.69 
18.24 
55.40 
18.15 
6.69 
6.52 
3.37 
163.30 
17.46 
7.67 
10.64 
34.74 
12.51 
9.25 
7.73 
100.00 
14.23 
11.07 
18.15 
33.87 
13.62 
0.27 
8.79 
100.00 
31.37 
8.97 
3.67 
45.64 
6.54 
0.87 
2.76 
0.18 
100.00 
22.81 
10.83 
11.17 
33.92 
11.11 
4.11 
3.99 
2.06 
100.00 
2.96 
2.84 
2.24 
4.01 
0.84 
2.32 
1.34 
16.55 
4.55 
5.35 
4.58 
6.80 
1.63 
1.52 
1.85 
26.28 
7.92 
7.19 
0.86 
6.61 
1.71 
1.44 
1.13 
0.68 
27.54 
31.47 
44.55 
17.14 
32.07 
12.25 
12.35 
6.50 
6.97 
163.30 
17.88 
17.16 
13.53 
24.23 
5.08 
14.02 
8.10 
100.00 
17.31 
20.36 
17.43 
25.88 
6.21 
5.78 
7.03 
100.00 
28.76 
26.11 
3.12 
24.00 
6.21 
5.23 
4.10 
2.47 
100.00 
19.27 
27.28 
10.5 
19.64 
7.50 
7.56 
3.98 
4.27 
100.00 
0.07 
1.57 
0.48 
-1.74 
-1.23 
0.79 
0.06 
0.81 
2.44 
-0.19 
-2.10 
-1.95 
1.45 
-0.46 
-0.72 
4.72 
-0.15 
-5.96 
-0.09 
1,20 
0.37 
0.63 
-5.77 
26.86 
-1.10 
-23.33 
-5.90 
5.66 
-0.02 
3.60 
0.42 
9.49 
2.90 
-10.51 
-7.43 
4.77 
0.36 
3.08 
9.29 
-0.72 
-7.99 
-7.42 
5.52 
-1.76 
-2.61 
17.14 
-0.54 
-21.64 
-0.33 
4.36 
1.34 
2.29 
-3.53 
16.45 
-0.67 
-14.29 
-3.61 
3.47 
-0.01 
2.20 
Note: Negative values here do not necessarily show negative change, as referred in the text. 
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Figure 5.7: Showing dense forest near Bilonia village in Makhawan watershed 
and south-western parts of the watershed. SWl has the largest area under cultivation, 
i.e. 8.64 km', whereas SW4 has smallest area (2.67 km ) under cultivated land. 
Uncultivated land occupies an area of 17.69 km . The area under wasteland is spread 
in 6.69 km" area, well distributed in all sub-watersheds. The area under water body is 
about 6.52 km^ and built-up land occupies an area of about 3.37 km .^ Figure 5.8 
presents the land use/land cover map derived through interpretation of 1989 IRS data. 
5.5.2 Land use/laiul cover (2001): 
In 2001, the watershed occupies an area of about 32.07 km^ under open forest 
which is 19.64% of the total watershed area. Figure 5.9 presents a field photograph of 
open forest in Makhawan watershed near bilonia village. Dense forest occupies an 
area of 17.14 km ,^ which is wide spread in almost all the sub-watersheds except SWl 
which is devoid of dense forest. Open scrub is widespread covering an area of 12.25 
km . The natural vegetative cover in the watershed has 61 km area which is 37% of 
•J 
the total area of the watershed. The cultivated land occupies an area of 31.47 km , and 
is reported from all the sub-watersheds. SW7 has the largest area under cultivation, 
i.e. 7.92 km", whereas SW3 has smallest area (2.06 km ) under cultivated land. 
Uncultivated land is the dominant category in 2001. occupies 44.55 km^ area making 
27.28% of the watershed area, and is reported from all sub-watersheds. The area 
under wasteland is 12.35 km ,^ which is well spread in all the sub-watersheds. Water 
body occupies an area of 7.71 km^ and built-up land covers 6.97 km area. Figure 5.10 
presents land use/land cover map derived through interpretation of 2001 IRS data. 
5.5.3 Land use/land cover change (1989 - 2001): 
A comparative analysis of 1989 and 2001 land use/land cover reveals decrease 
in area under the ibllowing land use/land cover categories: 
• Cultivated land 
• Dense forest 
• Open forest 
• Open scrub 
• Water body 
17 
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Figure 5.8: Land use/land cover map of Makhawan watershed based on IRS LISS II (1989) 
Figure 5.9: Showing open forest near Bilonia village in Makhawan watershed 
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Figure 5.10: Land use/land cover map of Makhawan watershed based on IRS Llll (2001) 
The cultivated land has decreased from 37.24 km^ in 1989 to 31.47 km^ in 
2001, showing 5.77 km" (15.49%) decrease with respect to 1989, probably due to 
absence of assured irrigation. Most of the cultivated land of 1989 has been converted 
into uncultivated land/wasteland by the year 2001. Amongst the sub-watersheds 
maximum decline in cultivated land is reported from SW3 followed by SWl, SW2 
and SW7, however there is significant increase in SW4, whereas SW5 and SW6 show 
marginal increase in cultivated land. The area under dense forest has come down from 
18.24 km- in 1989 to 17.14 km" in 2001, which is only 1.10 knr (6.03%) in its aerial 
extent, which has been converted into open scrub and open forest by the year 2001. 
The area under open forest has reduced from 55.40 km in 1989 to 32.07 km^ in 2001. 
a decline of 23.33 km^ (42.11%) with respect to 1989. Open forest in 1989 has been 
converted into wasteland and uncultivated land by the year 2001 due to anthropogenic 
activities. Within the sub-watersheds, open forest has decreased across all sub-
watersheds and the maximum decline is reported from SW7 followed by SW4, SWl, 
SW3, SW6. SW2 and SW5. 'fhe area under open scrub has come down from 18.15 
km^ in 1989 to 12.25 km" in 2001, there is 5.90 km' (32.15%)) decrease in open scrub. 
Most of the open scrub in 1989 has been converted into wasteland/uncultivated land 
by the year 2001. The maximum decline in the area under open scrub is recorded in 
SW6 followed by SW5. SWl, SW4, SW3, SW2 and SW7. The decline in the area 
under dense forest, open forest and open scrub may be attributed to anthropogenic 
activities, mounting population pressure and cattle grazing. The area occupied by 
water body has shown little changes from 6.52 km^ in 1989 to 6.50 km^ in 2001. 
The following land use/land cover categories in Makhawan watershed show 
increase in area from 1989 to 2001: 
• Uncultivated land 
• Wasteland 
• Built-up land 
The area under uncultivated land has increased from 17.69 km in 1989 to 
43.34 km" in 2001, showing an increase of 25.65 km^, almost two and a half times 
with respect to 1989, which may be attributed to decline in rainfall and depleting 
water resources affecting the rain-fed agricultural out-put. A substantial area under 
cultivated land in 1989 has been converted into uncultivated land by the year 2001. 
The maximum increase in uncultivated land is reported from SW3 followed by SW2, 
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SW7, SWl, SW5, SW4 and SW6. Wasteland has increased from 6.69 km^ in 1989 to 
12.35 km m 2001, registenng a 5.66 km increase, in its aerial extent with respect to 
1989. The maximum increase is reported from SW6 followed by SWl, SW4, SW7 
and SW5, whereas SW2 and SW3 showing a marginal decrease in area under 
wasteland in 2001. The increase in the area of wasteland is probably due to 
degradation of soil, especially in cultivated land and sparse vegetation areas. At some 
places where the watershed has rugged topography and does not permit cultivation it 
has resulted in increase of wasteland. The increase in area under water is reported 
from SW6 followed by SW7, SW3, SW4 and SW5, however SWl and SW2 show 
slight decrease in area under water. The area under built-up land/settlement has 
increased from 3.37 km^ in 1989 to 6.97 km^ in 2001, registering a 3.60 km^ increase, 
i.e. almost two times with respect to 1989 in its aerial extent. The increase in the area 
under built-up land is evident from the increase in total population from 44,7,981 in 
1991 to 50,8,253 in 2001 of Guna town and adjacent villages falling in the watershed. 
Figure 5.11 presents changes in area under land use/land cover categories from 1989 
to 2001. 
Makhawan Watershed 
1989 
2001 
CL UCL DF OF OS WL WB 
Land use/land cxjver category 
BL 
Figure 5.11: Change in area under land use/land cover categories (1989-2001). 
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5.6 Niwari Watershed 
Niwari watershed is situated in the north-eastern part of the study area and 
named after the Niwari nadi. It covers an area of about 77.14 km\ and has been 
demarcated into six sub-watersheds designated as SWl to SW6 for which land 
use/land cover analysis has been carried out usingl989 and 2001 satellite data. Sub-
watershed wise details of each land use category and the resulting spatial difference 
computed using 1989 and 2001 satellite data are given in Table 5.3. The details of 
land use/land cover and their spatial changes within the watershed are described in the 
following section. 
5.6.1 Land use/land cover (1989): 
The Niwari watershed can be considered as a cultivated watershed, because it 
has 24.41 km" area under cultivated land, which constitutes about 31% of the total 
area of the watershed. SWl has the largest area under cultivation, i.e. 7.53 km^, 
whereas SW2 has smallest area (1.90 km") under cultivated land. The other dominant 
category is open scrub which covers an area of about 22.16 km^, widespread across all 
sub-watersheds. Uncultivated land occupies an area of 16.52 km . Wasteland is spread 
in 7.92 km" area, well distributed in all sub-watersheds. Dense forest occupies an area 
of about 1.13 km" in SWl only, and is not reported in other five sub-watersheds. 
Open forest covers an area of 4.77 km^, widespread in SW5 and SW6, but not 
reported in other four sub-watersheds. The natural vegetative cover in the watershed 
is spread in 28 km^ area which is about 36% of the total watershed area. It is 
interesting to note that the watershed does not have any area occupied by water body 
in 1989. Built-up land occupies an area of about 0.23 km . Figure 5.12 presents land 
use/land cover map derived through interpretation of 1989 IRS data. 
5.6.2 Land use/land cover (2001): 
In 2001, the watershed occupies an area of about 14.58 km" under cultivated 
land which is 18.90% oi" the total watershed area. It is largely confined in isolated 
patches in northern, western and south-western parts of the watershed. SW4 has the 
largest area (3.98 km") under cultivated land, where SW2 has the smallest area (0.76 
km^) under cultivated land. Open scrub covers an area of 18.21 km , well distributed 
across all sub-watersheds. Uncultivated land is the dominant category in 2001, 
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Table 5.3: Land use/land cover change analysis of the Niwari watershed 
Land use/land 
cover category 
SWl 
Cultivated land 
Uncultivated land 
Dense forest 
Open scrub 
Wasteland 
Built up land 
Total 
SW2 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Total 
SW3 
Cultivated kind 
Uncultivated land 
Open scrub 
Wasteland 
Built up land 
Total 
SW4 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
SW5 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Built up land 
Total 
Land use/land cover 
1989 
Area in 
(Sq.km) 
7.53 
4.90 
LI 3 " 
5.27 
0.65 
0.07 
19.55 
1.90 
1.86 
0.45 
1.77 
5.98 
2.91 
""3^57 
3.38 
'oW 
0T04 
10.78 
3T76' '^ 
3.57 
3.38 
0.88 
-
0.04 
U.63 
3.58 
0.67 
4.75 
3.60 
2.44 
0.03 
15.07 
Area in 
(%) 
38.52 
25.06 
"5.78 
26.96 
3.32 
0.36 
100.00 
31.77 
31.10 
7.53 
29.60 
100.00 
27.00 
31.35 
8.16 
0.37 
100.00 
30.70 
29.06 
7.57 
-
0.34 
100.00 
23.76 
4.45 
31.52 
23.89 
16.19 
0.20 
100.00 
Land use/land cover 
2001 
Area in 
(Sq.km) 
3.86 
9.45 
1.05 
3.38 
1.70 
0.11 
19.55 
0.76 
3.34 
0.82 
1.06 
5.98 
1.89 
4.97 
2.59 
1.27 
0.06 
10.78 
""""3798 
3.72 
3.12 
0.29 
0.45 1 
0.07 
11.63 
3.02 
3.44 
2.61 
3.02 
2,87 
O.Il 
15.07 
Area in 
(%) 
19.74 
48.34 
5.37 
17.29 
8.70 
0.56 
100.00 
12.71 
55.85 
13.71 
17.73 
100.00 
17.53 
46.10 
24.03 
11.78 
0.56 
100.00 
34.22 
31.99 
26.83 
2.49 
3.87 
0.60 
100.00 
20.04 
22.83 
17.32 
20.04 
19.04 
0.73 
100.00 
Land use change analysis 
2001 - 1989 
Difference 
in area 
(Sq.km) 
-3.67 
4.55 
-0.08 
-1.89 
1.05 
0.04 
-1.14 
1.48 
0.37 
-0.71 
-1.02 
1.40 
-0.79 
0.39 
0.02 
0.22 
0.15 
-0.26 
-0.59 
0.45 
0.03 
-0.56 
2.77 
-2.14 
-0.58 
0.43 
0.08 
Difference 
in area 
(%) 
-18.77 
23.27 
-0.41 
-9.67 
5.37 
0.20 
-19.06 
24.75 
6.19 
-11.87 
-9.46 
12.99 
-7.33 
3.62 
0.19 
1.89 
1.29 
-2.24 
-5.07 
3.87 
0.26 
-3.72 
18.38 
-14.20 
-3.85 
2.85 
0.53 
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SW6 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Built up land 
Total 
Whole Niwari 
watershed 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
4.73 
^ 1.95 
0.02 
6.08 
1.30 
0.05 
14.13 
24.41 
16.52 
1.13 
4.77 
22.16 
7.92 
-
0.23 
77.14 
33.47 
13.80 
0.14 
43.03 
9.20 
0.35 
100.00 
31.64 
21.42 
1.46 
6.18 
28.73 
10.27 
-
0.30 
100.00 
1.07 
6.29 
0.01 
5.28 
1.40 
0.08 
14.13 
14.58 
31.21 
1.05 
2.62 
18.21 
8.59 
0.45 
0.43 
77.14 
7.57 
44.52 
0.07 
37.37 
9.91 
0.57 
100.00 
18.90 
40.46 
1.36 
3.40 
23.61 
11.14 
0.58 , 
0.56 
100.00 
-3.66 
4.34 
-0.01 
-0.8 
0.10 
0.03 
-9.83 
14.69 
-0.08 
-2.15 
-3.95 
0.67 
0.45 
0.20 
-25.90 
30.71 
-0.07 
-5.66 
0.71 
0.21 
-12.74 
19.04 
-0.10 
-2.79 
-5.12 
0.87 
0.58 
0.26 
Note: Negative values here do not necessarily show negative change, as referred in the text. 
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Figure 5.12: Land use/land cover map of Niwari watershed based on IRS LISS II (1989) 
occupies 31.21 km" area and is reported from all sub-watersheds. The area under 
wasteland is 8.59 knr. which is well spread in all the sub-watersheds. Dense forest 
occupies an area of about 1.05 km^ in SWl only, and it is not reported in other five 
sub-watersheds. Open forest covers an area of 2.62 km ,^ widespread in SW5 and 
SW6, but not reported in other four sub-watersheds. The natural vegetative cover in 
the watershed is spread in 21 km^ area which is about 28% of the total watershed area. 
Water body occupies an area of 0.45 km^ in SW4 and built-up land covers 0.43 km' 
area. Figure 5.13 presents land use/land cover map derived through interpretation of 
2001 IRS data. 
5.6.3 Land use/land cover change (1989 - 2001): 
A comparative analysis of 1989 and 2001 land use/land cover reveals decrease 
in area under Ihc following land use/land cover categories; 
• Cultivated land 
• Dense forest 
• Open forest 
• Open scrub 
The cultivated land has decreased from 24.41 knr in 1989 to 14.58 km^ in 2001, 
showing 9.83 km^ (40.27%) decrease probably due to absence of assured irrigation. 
Most of the cultivated land of 1989 has been converted into uncultivated 
land/wasteland in the year 2001, Amongst the sub-watersheds maximum decline in 
cultivated land is reported from SWl followed by SW6, SW2, SW3 and SW5, 
however SW4 shows a marginal increase in cultivated land. The area under dense 
forest has reduced from 1.13 knr in 1989 to 1.05 knr in 2001, which is 0.08 km^ 
(7.08%) decrease in its aerial extent. Dense forest of 1989 has been converted into 
uncultivated land by the year 2001. Within the sub-watersheds, it is reported that only 
SWl has dense forest category that too has decreased in its aerial extent. The area 
under open forest has decreased from 4.77 km" in 1989 to 2.62 km in 2001, indicates 
2,15 km" (54,93%) decrease in its aerial extent. Most of the open forest in 1989 has 
been converted into wasteland and built-up land by the year 2001, Within the sub-
watersheds, open forest is present only in SW5 and SW6 that too has decreased in its 
extent. The area under open scrub has come down from 22,16 km^ in 1989 to 18,21 
km^ in 2001, which is 3.95 km^ (17,82%) decrease. Most of the open scrub in 1989 
127 
l-f2\ 35" 
IteM.'^ Renjhal SW4 
SW3 Pureni 
TV 
V ^v-
SW2 
^~t~> 
ii2i\i' 
N 
A 
« # 
Hinotia 
SW5 
#' 
• - ' 
l\^hu 
2 Kilometers 
Land use category 
/ \ / ' Subwatershed boundary 
Cultivated land 
Uncultivated land 
m Dense forest 
Open forest 
Open scrub 
Wasteland 
B Water body 
• I Built up land 
7/28'13" li2\ 35" 
Figure 5.13; Land use/land cover map of Niwarl watershed based on IRS LISS III (2001) 
has been converted into wasteland land by the year 2001. The maximum decline in 
the area under open scrub is reported from SWl followed by SW6, SW3, SW5 and 
SW4, however SW2 shows a little increase in area under open scrub. The decline in 
the area under dense forest, open forest and open scrub may be attributed to 
anthropogenic activities, mounting population pressure and cattle grazing. 
The following land use/land cover categories show increase in area from 1989 
to 2001: 
• Uncultivated land 
• Wasteland 
• Water body 
• Ihiilt-up land 
The area under uncultivated land has increased from 16.52 km^ in 1989 to 
31.21 km" in 2001, registering 14.69 km"" (88.92%) increase, almost doubled with 
respect to 1989, which may be attributed to decline in rainfall and depleting water 
table affecting the rain-fed agricultural out-put. Most of the cultivated land in 1989 
has been converted into uncultivated land by the year 2001. The maximum increase in 
uncultivated land is reported from SWl followed by SW6, SW5, SW2, SW3 and 
SW4. Wasteland has increased marginally from 7.92 km^ in 1989 to 8.59 km^ in 2001, 
registering a 0.67 knr (8.46%) increase. However SW2 and SW4 show a little 
decrease in its aerial extent. The increase in the area under wasteland is probably due 
to degradation of soil, especially in cultivated land and sparse vegetation areas. This is 
corroborated with open scrub of 1989 converted into wasteland in 2001. Though 
absent in 1989. the area occupied by water covers 0.45 km in 2001, primarily due to 
the construction of small check dam in SW4. As a result, parts of the area occupied by 
open scrub, wasteland and uncultivated land in 1989 has been converted into water 
body by the year 2001. The area under built-up land/settlement has increased from 
0.23 km^ in 1989 to 0.43 km^ in 2001, registering a 0.20 km^ (86.96%) increase in its 
aerial extent. The increase in the area under built-up land is evident from the increase 
in total population from 5,956 in 1991 to 8,150 in 2001 of the villages falling in this 
watershed. Figure 5.14 presents changes in area under land use/land cover categories 
from 1989 to 2001. 
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Figure 5.14: Change in area under land use/land cover categories (1989-2001). 
5.7 Ghura Watershed 
Ghura watershed is situated to the south of Niwari watershed, i.e. in the 
eastern part of the study area. It is the smallest amongst the six watersheds, named 
•J 
after the Ghura nadi and covers 34.57 km area. It has been demarcated into six sub-
watersheds designated as SWl to SW6 for which land use/land cover analysis has 
been carried out using 1989 and 2001 satellite data. Sub-watershed wise details of 
each land use category and the resulting spatial difference computed using 1989 and 
2001 satellite data are given in Table 5.4. The details of land use/land cover and their 
spatial changes within the watershed are described in the following section. 
5.7.1 Land use/land cover (1989): 
The Ghura watershed can also be described as cultivated watershed, because it 
has 10.79 km^ area under cultivated land, which constitutes 31% of the total area of 
the watershed. Cultivated land is reported from all the sub-watersheds. SW5 has the 
largest area under cultivation, i.e. 2.30 km^, whereas SWl has smallest area (0.89 
km^) under cultivated land. The other dominant land use category is open scrub which 
covers an area of about 10.38 km, widespread across all sub-watersheds. 
Uncultivated land occupies an area of7.83km^. The area under wasteland is spread in 
2.71 km^ area, well distributed in all sub-watersheds. Open forest covers an area of 
130 
Table 5.4: Land use/land cover change analysis of the Ghura watershed 
Land use/land 
cover category 
SWl 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Total 
SW2 
Cultivated land 
Uncuhivated land 
Open forest 
Open scrub 
Wasteland 
Built up land 
Total 
SW3 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Total 
SW4 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Total 
SW5 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Built up land 
Total 
SW6 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Total 
Land use/land cover 
1989 
Area in 
(Sq.km) 
0.89 
1.81 
0.48 
3.77 
0.20 
7.15 
2.29 
0.91 
1.55 
1.48 
0.34 
0.02 
6.59 
1.11 
0.81 
0,76 
0.50 
0.24 
3.42 
2.96 
2.32 
-
2.27 
1.42 
8.97"' 
2.30 
1.13 
1.87 
0.45 
0.05 
5.80 
1.24 
0.85 
0.49 
0.06 
2.64 
Area in 
(%) 
12.45 
25.31 
6.71 
52.73 
2.80 
100.00 
34.75 
13.81 
23.52 
22.46 
5.16 
0.30 
100.00 
32.46 
23.68 
22.22 
14.62 
7.02 
100.00 
33.00 
25.86 
-
25.31 
15.83 
100,00 
39.66 
19.48 
32.24 
7.76 
0.86 
100.00 
46.97 
32.20 
18.56 
2.27 
100.00 
Land use/land cover 
2001 
Area in 
(Sq.km) 
1,00 
2.58 
0.31 
2.57 
0.69 
7.15 
2.81 
1.66 
1.04 
0.90 
0.14 
0.04 
6.59 
0.10 
2.00 
0.62 
0.47 
0.23 
3.42 
2.18 
3.92 
0,18 
1.87 
0.82 
8.97 
0.77 
2.87 
1.11 
0.97 
0.08 
5.80 
0.90 
1.26 
0.48 
-
2.64 
Area in 
(%) 
13.99 
36.08 
4.34 
35.94 
9.65 
100.00 
42.64 
25.19 
15.78 
13.66 
2.12 
0.61 
100.00 
2.92 
58.48 
18.13 
13.74 
6.73 
100.00 
24.30 
43.70 
2,01 
20.85 
9.14 
100.00 
13.28 
49.48 
19.14 
16.72 
1.38 
100.00 
34.09 
47.73 
18,18 
-
100.00 
Land use change analysis 
2001 - 1989 
Difference 
in area 
(Sq,km) 
0,11 
0.77 
-0,17 
-1,20 
0,49 
0,52 
0,75 
-0,51 
-0,58 
-0,20 
0,02 
-1,01 
1.19 
-0.14 
-0.03 
-0.01 
-0.78 
1.60 
0,18 
-0,40 
-0,60 
-1.53 
1,74 
-0,76 
0,52 
0,03 
-0,34 
0,41 
-0,01 
-0,06 
Difference 
in area 
(%) 
1,54 
10,77 
-2,38 
-16,78 
6,85 
7.89 
11,38 
-7.74 
-8.80 
-3.03 
0.30 
-29.53 
34.80 
-4.09 
-0.88 
-0.29 
-8.70 
17.84 
2.01 
-4.46 
-6.69 
-26.38 
30.00 
-13.10 
8.97 
0.52 
-12.88 
15.53 
-0,38 
-2,27 
Whole Ghura 
watershed 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Built up land 
Total 
10.79 
7.83 
2.79 
10.38 
2.71 
^ 0 . 0 7 
34.57 
31.21 
22.65 
8.07 
30.03 
7.84 
0.20 
100.00 
7.76 
14.29 
2.15 
7.40 
2.85 
0.12 
34.57 
22.45 
41.34 
6.22 
21.41 
8.24 
0.35 
100.00 
-3.03 
6.46 
-0.64 
-2.98 
0.14 
0.05 
-8.76 
18.69 
-1.85 
-8.62 
0.40 
0.14 
Note: Ne'^alive values here do not necessarily show negative change, as referred in the text. 
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2.79 km^ widespread in SWl, SW2 and SW3, whereas rest of the three sub-
watersheds does not have open forest. The natural vegetative cover in the watershed is 
spread in 13 km" area which is about 38% of the total watershed area. Built-up land 
occupies an area of about 0.07 km^. Figure 5.15 presents land use/land cover map 
derived through interpretation of 1989 IRS data. 
5.7.2 Land use/land cover (2001): 
In 2001, the watershed occupies an area of about 7.76 km^ under cultivated 
land which is 22.45% of the total watershed area, mostly confined to central, northern 
and south-eastern parts of the watershed. SW4 has the largest area (3.98 km^) under 
cultivated land, whereas SW2 has the smallest area (0.81 km^) under cultivated land, 
Open scrub covers an area of 7.40 km^, well distributed across all sub-watersheds. 
Uncuhivaled land is the dominant category in 2001, occupying 14.29 km^ area and is 
reported from all sub-vvalcrsheds. The area under wasteland is 2.85 km", which is well 
spread in all the sub-walcrshcds. Open forest covers an area of 2.15 km , reported 
from SWl. SW2, SW3 and SW4, whereas SW5 and SW6 do not have open forest. 
The natural vegetative cover in the watershed is spread in 9 km" area which is about 
27%) of the total watershed area. Built-up land covers 0.12 km^ area. Figure 5.16 
presents land use/land cover map derived through interpretation of 2001 IRS data. 
5.7.3 Land use/land cover change (1989 - 2001): 
A comparative analysis of the 1989 and 2001 land use/land cover reveals 
decrease in area under the following land use/land cover categories: 
• Cultivated land 
• Open forest 
• Open scrub 
The cultivated land has decreased from 10.79 km^ in 1989 to 7.76 km^ in 2001, 
showing 3.03 km" (28.08%) decline probably due to absence of assured irrigation. 
Most of the cultivated land of 1989 has been converted into uncultivated 
land/wasteland in the year 2001. Amongst the sub-watersheds maximum decline in 
cultivated land is reported from SW5 followed by SW3, SW4 and SW6, however 
SWl and SW2 show slight increase in cultivated land. The area under open forest has 
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Figure 5.15: Land use/land cover map of Ghura watershed based on IRS LISS II (1989) 
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Figure 5.16: Land use/land cover map of Ghura watershed based on IRS LISS III (2001) 
decreased from 2.79 knr in 1989 to 2.15 km^ in 2001, showing 0.64 km^ (22.94%) 
decrease in its aerial extent with respect to 1989. Most of the open forest has been 
converted into wasteland by the year 2001. The area under open scrub has decreased 
from 10.38 km' in 1989 lo 7.40 km' in 2001. which is 28.71% decrease in its aerial 
extent. Most of the open scrub in 1989 has been converted into wasteland land by the 
year 2001. The maximum decline in the area under open scrub is reported from SWl 
followed by SW5. SW2, SW4, SW3 and SW6. The decline in the area under open 
forest and open scrub may be attributed to anthropogenic activities, mounting 
population pressure and cattle grazing. 
The following land use/land cover categories show increase in area from 1989 
to 2001: 
• Uncultivated land 
• Wasteland 
• Built-up land 
The area under uncultivated land has increased from 7.83 km^ in 1989 to 
14.29 km' in 2001, showing 6.46 km"^  (82.50%) increase, with respect to 1989, which 
may be attributed to decline in rainfall and depleting water sources affecting the rain-
fed agricultural out-put. A substantial area under cultivated land in 1989 has been 
converted into uncultivated land by the year 2001. The maximum increase in 
uncultivated land is reported from SW5 followed by SW4, SW3, SWl, SW2 and 
SW6. Wasteland has slightly increased in area from 2.71 km in 1989 to 2.85 km in 
2001, registering a 0.14 km (5.17%) increase in wasteland. It is interesting to note 
that SW2, SW3, SW4 and SW6 show decline in the aerial extent under wasteland 
category which indicate its reclamation during 1989-2001 period. However in SWl 
and SW5 open scrub of 1989 has been converted to wasteland in 2001. The area under 
built-up land/settlement has increased from 0.07 km^ in 1989 to 0.12 km^ in 2001, due 
to the increase in total population from 2,102 in 1991 to 3,962 in 2001 of the villages 
falling within the watershed. Figure 5.17 presents changes in area under land use/land 
cover categories from 1989 to 2001. 
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Figure 5.17: Change in area under land use/land cover categories (1989-2001). 
5.8 Kanera Watershed 
Kanera watershed is situated in the eastern part of the study area and named 
after the Kanera nadi, covering an area of about 69.01 km^. It has been demarcated 
into seven sub-watersheds designated as SWl to SW7 for which land use/land cover 
analysis has been carried out using 1989 and 2001 satellite data. Sub-watershed wise 
details of each land use category and the resulting spatial difference computed using 
1989 and 2001 satellite data are given in Table 5.5. The details of land use/land cover 
and their spatial changes within the watershed are described in the following section. 
5.8.1 Land use/land cover (1989): 
In 1989, cultivated land covers an area of about 17.92 km^, which accounts for 
25% of the total area of the watershed. Cultivated land is well distributed across all 
the sub-watershed. SW4 has the largest area under cultivation, i.e. 4.95 km^, whereas 
SW3 has smallest area (1.09 km ) under cultivated land. Figure 5.18 presents a field 
photograph of cultivated land in Kanera watershed, adjoining a check dam. The other 
dominant category is uncultivated land which covers an area about 21.29 km , 
widespread across all sub-watersheds. Open forest covers an area of 3.82 km^, and 
reported from SWl, SW2, SW3, SW4 and SW6, whereas SW5 and SW7 do not have 
open forest. Open scrub occupies an area of 4.61 km^, well distributed across 
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Table 5.5: Land use/land cover change analysis of the Kanera watershed 
Land use/land 
cover 
category 
SWl 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Water body 
Rocky area 
Total 
SW2 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Water body 
Total 
SW3 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Water body 
Rocky area 
Total 
SW4 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Rocky area 
Built up land 
Total 
SW5 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Total 
Land use/ land 
cover 1989 
Area in 
(km') 
1.39 
2.38 
1.09 
1.09 
0.29 
0.41 
0.45 
7.10 
1.94 
2.35 
0.20 
0.19 
1.59 
0.11 
6.38 
1.09 
1.86 
1.10 
0.03 
1.60 
0.12 
0.11 
5.91 
4.95 
5.07 
0.40 
0.39 
5.14 
0.17 
0.10 
16.22 
2.59 
3.94 
0.78 
2.86 
10.17 
Area in 
(%) 
19.60 
33.50 
15.30 
15.30 
4.10 
5.80 
6.40 
100.00 
30.40 
36.80 
3.10 
3.00 
24.90 
1.80 
100.00 
18.40 
31.50 
18.60 
0.50 
27.10 
2.00 
1.90 
100.00 
30.52 
31.26 
2.47 
2.40 
31.69 
1.05 
0.62 
100.00 
25.47 
38.74 
7.67 
28.12 
100.00 
Land use/land 
cover 2001 
Area in 
(km') 
0.84 
4.13 
0.28 
0.22 
0.98 
0.20 
0.45 
7.10 
0.57 
4.16 
0.23 
-
1.37 
0.05 
6.38 
0.96 
3.13 
0.39 
0.19 
1.13 
-
0.11 
5.91 
2.81 
9.35 
-
0.57 
3.12 
0.17 
0.20 
16.22 
0.99 
6.00 
0.58 
2.60 
10.17 
Area in 
(%) 
11.80 
58.20 
3.90 
3.10 
13.8 
2.80 
6.40 
100.00 
8.90 
62.50 
3.60 
-
21.50 
0.80 
100.00 
16.20 
56.00 
6.60 
3.20 
19.10 
-
1.90 
100.00 
17.32 
57.64 
-
3.51 
19.24 
1.05 
1.23 
100.00 
9.73 
59.00 
5.70 
25.57 
100.00 
Land use Change 
analysis 
2001 - 1989 
Difference 
in area 
(Sq.km) 
-0.55 
1.75 
-0.81 
-0.87 
0.69 
-0.21 
No change 
-1.37 
1.81 
0.03 
-0.19 
-0.22 
-0.06 
-0.13 
1.27 
-0.71 
0.16 
-0.47 
-0.12 
No change 
-2.14 
4.28 
-0.40 
0.18 
-2.02 
No change 
0.10 
-1.60 
2.06 
-0.20 
-0.26 
Difference 
in area 
(%) 
-7.75 
24.70 
-11.40 
-12.25 
9.70 
-2.95 
No change 
-21.47 
28.37 
0.47 
-2.98 
-3.40 
-0.94 
-2.20 
21.49 
-12.00 
2.71 
-8.00 
-2.03 
No change 
-13.19 
26.39 
-2.47 
1.11 
-12.45 
No change 
0.62 
-15.73 
20.26 
-1.97 
-2.56 
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SW6 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Rocky area 
Built up land 
Total 
SW7 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Built up land 
Total 
Whole Kan era 
watershed 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Water body 
Rocky area 
Built up land 
Total 
3.51 
3.69 
1.03 
1.53 
6.37 
0.40 
0.06 
16.59 
2.45 
2.00 
0.60 
1.56 
0.03 
6.64 
17.92 
21.29 
3.82 
4.61 
19.41 
0.64 
1.13 
0.19 
69.01 
21.16 
22.24 
6.21 
9.22 
38.40 
2.41 
0.36 
100.00 
36.90 
30.10 
9.00 
23.50 
0.50 
100.00 
25.97 
30.85 
5.54 
6.68 
28,13 
0.93 
1.64 
0.28 
100.00 
1.70 
8.57 
-
0.71 
5.00 
0.40 
0.21 
16.59 
1.60 
2.89 
0.32 
1.79 
0.04 
6.64 
9.47 
38.23 
0.90 
2.59 
15.99 
0.25 
1.13 
0.45 
69.01 
10.25 
51.66 
-
4.28 
30.14 
2.41 
1.27 
100.00 
24.10 
43.50 
4.80 
27.00 
0.60 
100.00 
13.72 
55.40 
1.30 
3.75 
23,17 
0.36 
1.64 
0.65 
100.00 
-1.81 
4.88 
-1.03 
-0.82 
-1.37 
No change 
0.15 
-0.85 
0.89 
'02f^ 
0.23 
0.01 
-8.45 
16.94 
-2,92 
-2.02 
-3,42 
-0.39 
No change 
0.26 
-10.91 
29.42 
-6.21 
-4.94 
-8.26 
No change 
0.90 
-12.80 
13.40 
-4.22 
3.50 
0.15 
-12.24 
24.55 
-4.23 
-2.93 
-4.96 
-0.57 
No change 
0.38 
Note: Negative values here do not necessarily show negative change, as referred in the text. 
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Figure 5.18: Cultivated land in Kanera watershed 
(in the back ground checic dam can be seen) 
all sub-watersheds. The natural vegetative cover in the watershed is spread in 8 km^ 
area which is about 12% of the total watershed area. The area under wasteland is 
spread in 19.41 km^area, throughout all sub-watersheds. The area under water body is 
about 0.64 km^ and built-up land occupies an area of about 0.23 km^. The rocky area 
covers 1.13 km^, mostly in SW3, SW4 and SW6. Figure 5.19 presents land use/land 
cover map derived through interpretation of 1989 IRS data. 
5.8.2 Land use/land cover (2001): 
In 2001, the watershed occupies an area of about 9.47 km^ under cultivated 
land which is 13.72% of the total watershed area, mostly confined to southern north-
western parts of the v.atershed. SW4 has the largest area (2.81 km^) under cultivated 
land, where SW2 has the smallest area (0.57 km ) under cultivated land. The other 
dominant category is uncultivated land which covers an area about 38.23 km"^ , 
widespread across all sub-watersheds. Open forest covers an area of 0.90 km , and is 
reported from SWl, SW2 and SW3, in small patches, the other four sub-watersheds, 
i.e. SW4, SW5, SW6 and SW7 do not have open forest. Open scrub has an area of 
2.59 km", well distributed across all sub-watersheds except SW2 which is devoid of 
open scrub. The natural vegetative cover in the watershed is spread in 3 km^ area 
which is about 5% of the total watershed area. The area under wasteland is 15.99 
km^, which is well spread in all the sub-watersheds. Water body occupies an area of 
0.25 km and built-up land covers 0.45 km area. Figure 5.20 presents a field 
photograph of the rocky area in Kanera watershed in SWl. The rocky area covers 
1.13 km" area. Figure 5.21 presents land use/land cover map derived through 
interpretation of 2001 IRS data. 
5.8.3 Land use/land cover change (1989 - 2001): 
A comparative analysis of the 1989 and 2001 land use/land cover reveals 
decrease in area under the following land use/land cover categories: 
• Cultivated land 
• Open forest 
• Open scrub 
• Wasteland 
• Water body 
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Figure 5.20: Rocky area in Kanera watershed south of checlc dam 
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The cultivated land has decreased from 17.92 km in 1989 to 13.72 km in 
2001, showing 4.20 km"' (23.44%) decrease, probably due to absence of assured 
irrigation. Most of the cultivated land of 1989 has been converted into uncultivated 
land/built-up land by the year 2001. Amongst the sub-watersheds maximum decline in 
cultivated land is reported from SW4 followed by SW6, SW5, SW2, SW7, SWl and 
SW3. The area under open forest has decreased from 3.82 km^ in 1989 to 0.90 km^ in 
2001, i.e. 2.92 km" (76,44%) decrease in its aerial extent. Open forest in 1989 has 
been converted into wasteland by the year 2001. Within the sub-watersheds, open 
forest has decreased across all sub-watersheds and the maximum decline is reported 
from SW6, however SW2 shows a marginal increase in open forest, whereas rest of 
the two sub-watersheds SW5 and SW7 do not have open forest. It is interesting to 
note that open forest completely disappeared from SW4 in 2001. The area under open 
scrub has decreased from 4.61 km" in 1989 to 2.59 km" in 2001, registering 2.02 km" 
(43.82%) decrease in open scrub, which is mainly converted into wasteland by the 
year 2001. The maximum decline in area under open scrub is reported from SW2 
followed by SWl. SW7, SW5 and SW2. But SW3 and SW4 show little increase in 
area under open scrub. It has completely disappeared from SW2 in 2001. The decline 
in the area under open forest and open scrub may be attributed to anthropogenic 
activities, mounting population pressure and cattle grazing. Wasteland has 
surprisingly decreased from 19.41 km in 1989 to 15.99 km" in 2001, showing an 
overall 3.42 km^ (17.62%)) decrease in area. Wasteland has shown a decline in area in 
SW4 followed by SW6, SW3, SW5 and SW2. However, SWl and SW7 show 
marginal increase in aerial extent of wasteland. Kanera is the only watershed which 
has reported decrease in area under wasteland from 1989 to 2001. It suggests that land 
reclamation has successfully been carried out in this watershed and it has bore fruitful 
results in terms of environmental and social aspects. The area occupied by water body 
has decreased from 0.64 km" in 1989 to 0.25 km^ in 2001, which is 60.94%. The area 
under the surface water body decreased probably due to decline in rainfall in the 
district, which has resulted drying up of water bodies/ponds. 
The following land use/land cover categories show increase in area from 1989 
to 2001: 
• Uncultivated land 
• Built-up land 
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The area under uncultivated land has increased from 21.29 km^ in 1989 to 
38.23 km^ in 2001, showing 16.94 km^ (79.57%) increase with respect to 1989, which 
may be attributed to decline in rainfall and depleting water sources affecting the rain-
fed agricultural out-put. Most of the cultivated land in 1989 has been converted into 
uncultivated land by the year 2001. The maximum increase in uncultivated land is 
reported from SW6 followed by SW4, SW5, SW2, SWl, SW3 and SW7.The area 
under built-up land/settlement has increased from 0.19 km'^  in 1989 to 0.45 km^ in 
2001, registering 0.26 km^ (57.78%) increase in its aerial extent. The increase in area 
under built-up land is evident from the increase in total population from 9,736 in 1991 
to 12,166 in 2001 of villages falling in the watershed. Figure 5.22 presents changes in 
area under land use/land cover categories from 1989 to 2001. 
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Figure 5.22: Change in area under land use/land cover categories (1989-2001). 
5.9 Senduwa Watershed 
Senduwa watershed is situated in the south-eastern part of the study area and 
named after the Senduwa nadi. It covers an area of about 92.35 km^, and has been 
demarcated into seven sub-watersheds designated as SWl to SW7 for which land use 
analysis has been carried out using 1989 and 2001 satellite data. Sub-watershed wise 
details of each land use category and the resulting spatial difference computed using 
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1989 and 2001 satellite data are given in Table 5.6. The details of land use/land cover 
and their spatial changes within the watershed are described in the following section. 
5.9.1 Land use/land cover (1989): 
The Senduwa watershed can be considered as cultivated watershed, because it 
has 45.47 l<m^ under cultivated land, which constitutes 49% of the total area of the 
watershed. Cultivated land is reported from all the sub-watersheds. SW4 has the 
largest area under cultivation, i.e. 7.95 km , whereas SWl has smallest area (3.98 
km^) under cultivated land. The other dominant category is uncultivated land covering 
an area of 20.02 km"", widespread across all sub-watersheds. Open forest covers an 
area of only 0.45 km"^ . in SW3, however rest of the six sub-watersheds SWl, SW2, 
SW4, SW5, SW6 and SW7 are devoid of open forest. Open scrub occupies an area of 
21.24 km", well distributed across all sub-watersheds. The natural vegetative cover in 
the watershed is spread in 21 km^ area which accounts 23% of the total watershed 
area. The area under wasteland is spread in 3.68 km area in SWl, SW4, SW5, SW6 
and SW7, but SW2 and SW3, do not have wasteland category. The built-up land 
occupies an area of about 0.39 km^, whereas rocky area occupies 1.10 km^, in SWl, 
SW2, SW3 and SW5. figure 5.23 presents land use/land cover map derived through 
interpretation of 1989 IRS data. 
5.9.2 Land use/land cover (2001): 
In 2001, the watershed occupies an area of about 34.16 km under cultivated 
land which is 36.99% of the total watershed area, wide spread across all sub-
watersheds. SW4 has the largest area (6.85 km^) under cultivated land, where SWl 
has the smallest area (3.17 km^) under cultivated land category. The other dominant 
category is uncultivated land which covers an area of 35.51 km , widespread across 
all sub-watersheds. Open forest covers an area of 0.43 km^, in SW3, however rest of 
the six sub-watersheds SWl. SW2, SW4, SW5, SW6 and SW7 do not have open 
forest. Open scrub covers an area of 12.48 km^, well distributed across all sub-
watersheds, fhe natural vegetative cover in the watershed is spread in 12 km area 
which makes 13% of the total watershed area. The area under wasteland is 7.99 km , 
which is well spread in all the sub-watersheds. Built-up land occupies an area of 0.68 
km^ area. Rocky area constitutes 
147 
Table 5.6: Land use/land cover change analysis of the Senduwa watershed 
Land use/land 
cover 
category 
SWl 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Rocky area 
Total 
SW2 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Built up land 
Rocky area 
Total 
SW3 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Built up land 
Rocky area 
Total 
SW4 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Built up land 
Total 
SW5 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Built up land 
Rocky area 
Total 
Land use/ land 
cover 1989 
Area in 
(knr) 
3.98 
1.04 
0.97 
0.65 
0.30 
6.94 
6.81 
2.16 
2,49 
-
0.03 
0.52 
12 AH 
7.05 
2.48 
0.45 
2.85 
-
0.12 
1 0.03 
12.98 
7.95 
3.94 
3.23 
0.94 
0.13 
16.19 
6.52 
3.63 
5.33 
0.09 
0.05 
0.25 
15.87 
Area in 
(%) 
57.35 
14.99 
13.98 
9.37 
4.32 
100.00 
56.70 
17.99 
20.73 
-
0.25 
4.33 
100 )^0 
54.31 
19.11 
3.47 
21.96 
-
0.92 
0.23 
100.00 
49.10 
24.34 
19.95 
5.81 
0.80 
100.00 
41.08 
22.87 
33.59 
0.57 
0.32 
1.58 
100.00 
Land use/land 
cover 2001 
Area in 
(km') 
3.17 
2.02 
0.85 
0.60 
0.30 
6.94 
5.41 
4.27 
1.19 
0.58 
0.04 
0.52 
12.01 
4.57 
5.18 
0.43 
1.30 
1.25 
0.22 
0.03 
12.98 
6.85 
6.45 
2.13 
0.53 
0.23 
16.19 
4.00 
6.81 
3.01 
1.72 
0.08 
0.25 
15.87 
Area in 
(%) 
45.68 
29.11 
12.25 
8.65 
4.32 
100.00 
45.05 
35.55 
9.91 
4.83 
0.33 
4.33 
100.00 
35.21 
39.91 
3.31 
10.02 
9.63 
1.69 
0.23 
100.00 
42.31 
39.84 
13.16 
3.27 
1.42 
100.00 
25.20 
42.91 
18.97 
10.84 
0.50 
1.58 
100.00 
Land use Change 
analysis 
2001 -1989 
Difference 
in area 
(Sq.km) 
-0.81 
0.98 
-0.12 
-0.05 
No change 
-1.40 
2.11 
-1.30 
0.58 
0.01 
No change 
-2.48 
2.70 
-0.02 
-1.55 
1.25 
0.10 
No change 
-1.10 
2.51 
-1.10 
-0.41 
0.10 
-2.52 
3.18 
-2.32 
1.63 
0.03 
No change 
Difference 
in area 
(%) 
-11.67 
14.12 
-1.73 
-0.72 
No change 
-11.66 
17.57 
-10.82 
4.83 
0.08 
No change 
-19.11 
20.80 
-0.15 
-11.94 
9.63 
0.77 
No change 
-6.79 
15.50 
-6.79 
-2.53 
0.62 
-15.88 
20.04 
-14.62 
10.27 
0.19 
No change 
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SW6 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Total 
SW7 
Cultivated land 
Uncultivated land 
Open scrub 
Wasteland 
Built up land 
Total 
Whole Senduwa 
watershed 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Rocky area 
Built up land 
Total 
7.81 
4.54 
3.72 
1.45 
17.52 
5.35 
2.23 
2.65 
0.55 
0.06 
10.84 
45.47 
20.02 
0.45 
21.24 
3.68 
1.10 
0,39 
92.35 
44.58 
25.91 
21.23 
8.28 
100.00 
49.35 
20.57 
24.45 
5.07 
0.55 
100.00 
49.24 
21.68 
0.49 
23.00 
3.98 
1.19 
0.42 
100.00 
5.27 
7.92 
2.50 
1.83 
17.52 
4.89 
2.86 
1.50 
1.48 
0.11 
10.84 
34.16 
35.51 
0.43 
12.48 
7.99 
1.10 
0.68 
92.35 
30.08 
45.21 
14.27 
10.45 
100.00 
45.11 
26.38 
13.84 
13.65 
1.01 
100.00 
36.99 
38.45 
0.47 
13.51 
8.65 
1.19 
0.74 
100.00 
-2.54 
3.38 
-1.22 
0.38 
"""-0^46 
0.63 
-1.15 
0.93 
0.05 
-11.31 
15.49 
-0.02 
-8.76 
4.31 
No change 
0.29 
-14.50 
19.29 
-6.96 
2.17 
-4.24 
5.81 
-10.61 
8.58 
0.46 
-12.25 
16.77 
-0.02 
-9.49 
4.67 
No change 
0.31 
Note: Negcilive valiics here do not necessarily show negative change, as referred in the text. 
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Figure 5.23: Land use/land cover map of Senduwa watershed based on IRS LISS II (1989) 
1.10 km .^ Figure 5.24 presents land use/land cover map derived tlirough interpretation 
of 2001 IRS data. 
5.9.3 Land use/land cover change (1989 - 2001): 
A comparative analysis of the 1989 and 2001 land use/land cover reveals 
decrease in area under the following land use/land cover categories: 
• Cultivated land 
• Open forest 
• Open scrub 
The cultivated land has decreased from 45.74 km^ in 1989 to 34.16 km^ in 2001. 
showing 11.58 km" (25.32%) decrease, probably due to absence of assured irrigation. 
Most of the cultivated land of 1989 has been converted into uncultivated land/built-up 
land by the year 2001. Amongst the sub-watersheds maximum decline in cultivated 
land is reported from SW6 followed by SW5, SW3, SW2, SW4, SWl and SW7. The 
area under open ibrcsl has marginally come down from 0.45 km^ in 1989 to 0.43 km^ 
in 2001. Open forest in 1989 has been converted into built-up land and wasteland by 
the year 2001. Within the sub-watersheds, open forest has decreased in SW3, however 
rest of the six sub-watcrshcds SWl. SW2, SW4, SW5, SW6 and SW7 are devoid of 
open forest, 'fhe area under open scrub has decreased from 21.24 km" in 1989 to 
12.48 km" in 2001, which is 8.76 km^ (41.24%) decrease in the aerial extent with 
respect to 1989. Most of the open scrub in 1989 has been converted into wasteland by 
the year 2001. The maximum decline in the area under open scrub is reported from 
SW5 followed by SW3, SW2. SW6. SW7. SW4 and SWl. The decline in the area 
under open forest and open scrub may be attributed to anthropogenic activities, 
mounting population pressure and cattle grazing. 
The following land use/land cover categories show increase in area from 1989 
to 2001: 
• Uncultivated land 
• Wasteland 
• Built-up land 
The area under uncultivated land has increased from 20.02 km^ in 1989 to 
35.15 km^ in 2001..showing 15.13 km^ (75.57%)) increase, which may be attributed to 
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Figure 5.24: Land use/land cover map of Senduwa watershed based on IRS LISS III (2001) 
decline in rainfall and depleted water sources affecting the rain-fed agricultural out-
put. The cultivated land in 1989 has been converted into uncultivated land by the year 
2001. The maximum increase in uncultivated land is reported from SW6 followed by 
SW5, SW3, SW4, SW2, SWl and SW7. Wasteland has increased from 3.68 W in 
1989 to 7.99 km in 2001, registering a 4.31 km increase, i.e. almost 1.5 times more 
with respect to 1989. The maximum increase is reported from SW5 followed by SW3, 
SW7, SW2 and SW6, whereas SWl and SW4 show marginal decrease in area under 
wasteland. The increase in wasteland may probably be due to degradation of soil, 
especially in cultivated land and sparse vegetation areas. The area under built-up 
9 9 
land/settlement has increased from 0.39 km in 1989 to 0.68 km in 2001, indicates an 
increase by 74.36%. The increase in the area under built-up land is evident from the 
increase in total population from 11,357 in 1991 to 14,805 in 2001 of villages falling 
within the watershed. Figure 5.25 presents changes in area under land use/land cover 
categories from 1989 to 2001. 
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Figure 5.25: Change in area under land use/land cover categories (1989-2001). 
5.10 Comparative Analysis of Major Six Watersheds 
The six watersheds namely Chopan, Makhawan, Niwari, Ghura, Kanera and 
Senduwa watersheds covers an area of about 569.75 km^. Watershed wise details of 
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each land use category and the resulting spatial difference (1989-2001) are given in 
Table 5.7. 
5.10.1 Land use/laini cover (1989): 
In 1989, the cultivated land is the dominant land use category which occupies 
an area of 154.12 knr (27.05%), mostly confined to the eastern half of the study area. 
Senduwa watershed has the largest area 45.47 km^ (49.24%) under cultivation 
whereas Ghura watershed has smallest area 10.79 km^ (31.21%o) under cultivated 
land. Uncultivated land occupies an area of 91.16 km" (16.00%o), well distributed in 
all the watersheds. The area under dense forest covers 61.52 km^, which constitutes 
10% of the total geographical area. The other forest categories, i.e. open forest is the 
second dominant land cover category, which is spread over an area of 105.28 km^ 
(18.48%), whereas open scrub occupies 91.40 km^ (16.04%)). The natural vegetative 
cover in the study area is 258 km", which is about 45% of the total geographical area. 
The area under wastchind is spread in 50.32 km^ (8.83%)) area, well spread across all 
watersheds. The area under water body is about 8.18 km" mainly reported from 
Chopan. Makhawan and Kanera. But other three watersheds i.e. Niwari, Ghura and 
Senduwa do not have any surface water body. The built-up land occupies an area of 
about 4.95 km", whereas rocky area occupies 2.23 km".The area occupied by a 
historical fort which is a land mark feature present in Chopan watershed, covers 0.16 
km area. Figure 5.26 presents land use/land cover map of the whole area comprising 
six watersheds derived through interpretation of 1989 IRS data. 
5.10.2 Land sue/land cover (2001): 
In 2001. the watershed occupies an area of 113.79 km^ under cultivated land 
which is 19.90%) of the total geographical area. Cultivated land is mostly confined to 
the north-western and south-western parts of the study area. As in 2001, the Senduwa 
watershed has the largest area 34.16 km" (36.99%)) under cultivation, whereas Ghura 
watershed has smallest area 7.76 km (22.45%)) under cultivated land. Uncultivated 
land is the dominant land use category and occupies 188.07 km^ (33.0r/o) area, 
reported from all watersheds. The area under dense forest covers 47.40 km , which 
constitutes 8%) of the total geographical area. Open forest is the third dominant land 
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Table 5.7: Land use/land cover change analysis of the major six watersheds 
Land use/land cover 
category 
Chopan watershed 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Fort 
Total 
Makhawan 
watershed 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
Niwari watershed 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Built up land 
Total 
Ghura watershed 
Cultivated land 
Uncuhivated land 
Open forest 
Open scrub 
Wasteland 
Built up land 
Total 
Land use/ land 
cover 1989 
Area in 
(km^) 
18.29 
8.24 
42.15 
38.05 
14.86 
9.91 
1.02 
0.70 
0.16 
133.38 
37.24 
17.69 
18.24 
55.40 
18.15 
6.69 
6.52 
3.37 
163.30 
24.41 
16.52 
1.13 
4.77 
22.16 
7.92 
-
0.23 
77.14 
10.79 
7.83 
2.79 
10.38 
2.71 
0.07 
34.57 
Area in 
(%) 
13.71 
6.18 
31.60 
28.53 
11.14 
7.43 
0.76 
0.52 
0.12 
100.00 
22.81 
10.83 
11.17 
33.92 
11.11 
4.11 
3.99 
2.06 
100.00 
31.64 
21.42 
1.46 
6.18 
28.73 
10.27 
-
0.30 
100.00 
31.21 
22.65 
8.07 
30.03 
7.84 
0.20 
100.00 
Land use/land 
cover 2001 
Area in 
(km') 
16.35 
24.28 
29.21 
36.95 
3.80 
19.03 
2.37 
1.23 
0.16 
133.38 
31.47 
44.55 
17.14 
32.07 
12.25 
12.35 
6.50 
6.97 
163.30 
14.58 
31.21 
1.05 
2.62 
18.21 
8.59 
0.45 
0.43 
77.14 
7.76 
14.29 
2.15 
7.40 
2.85 
0.12 
34.57 
Area in 
(%) 
12.26 
18.20 
21.90 
27.70 
2.85 
14.27 
1.78 
0.92 
0.12 
100.00 
19.27 
27.28 
10.50 
19.64 
7.50 
7.56 
3.98 
4.27 
100.00 
18.90 
40.46 
1.36 
3.40 
23.61 
11.14 
0.58 
0.56 
100.00 
22.45 
41.34 
6.22 
21.41 
8.24 
0.35 
100.00 
Land use Change 
analysis 
2001 - 1989 
Difference 
in area 
(Sq.km) 
-1.94 
16.04 
-15.94 
-1.10 
-11.06 
9.12 
1.35 
0.53 
No change 
-5.77 
26.86 
-1.10 
-23.33 
-5.90 
5.66 
-0.02 
3.60 
-9.83 
14.69 
-0.08 
-2.15 
-3.95 
0.67 
0.45 
0.20 
-3.03 
6.46 
-0.64 
-2.98 
0.14 
0.05 
Difference 
in area 
(%) 
-1.45 
12.03 
-11.95 
-0.82 
-8.29 
6.84 
1.01 
0.40 
No change 
-3.53 
16.45 
-0.67 
-14.29 
-3.61 
3.47 
-0.01 
2.20 
-12.74 
19.04 
-0.10 
-2.79 
-5.12 
0.87 
0.58 
0.26 
-8.76 
18.69 
-1.85 
-8.62 
0.40 
0.14 
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Kanera watershed 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Water body 
Rocky area 
Built up land 
Total 
Senduwa 
watershed 
Cultivated land 
Uncultivated land 
Open forest 
Open scrub 
Wasteland 
Built up land 
Rocky area 
Total 
Whole study area 
Cultivated land 
Uncultivated land 
Dense forest 
Open forest 
Open scrub 
Wasteland 
Water body 
Rocky area 
Built up land 
Fort 
Total 
17.92 
21.29 
3.82 
4.61 
19.41 
0.64 
1.13 
0.19 
69.01 
45.47 
20.02 
0.45 
21.24 
3.68 
0.39 
1.10 
92.35 
154.12 
91.16 
61.52 
105.28 
91.40 
50.32 
8.18 
2.23 
4.95 
0.16 
569.75 
25.97 
30.85 
5.54 
6.68 
28.13 
0.93 
1.64 
0.28 
100.00 
49.24 
21.68 
0.49 
23.00 
3.98 
0.42 
1.19 
100.00 
27.05 
16.00 
10.80 
18.48 
16.04 
8.83 
1.44 
0.39 
0.87 
0.03 
100.00 
9.47 
38.23 
0.90 
2.59 
15.99 
0.25 
1.13 
0.45 
69.01 
34.16 
35.51 
0.43 
12.48 
7.99 
0.68 
1.10 
92.35 
113.79 
188.07 
47.40 
75.12 
56.73 
66.80 
9.57 
2.23 
9.88 
0.16 
569.75 
13.72 
55.40 
1.30 
3.75 
23.17 
0.36 
1.64 
0.65 
100.00 
36.99 
38.45 
0.47 
13.51 
8.65 
0.74 
1.19 
100.00 
19.90 
33.01 
8.32 
13.18 
9.90 
11.70 
1.89 
0.39 
1.68 
0.03 
100.00 
-8.45 
16.94 
-2.92 
-2.02 
-3.42 
-0.39 
No change 
0.26 
-11.31 
15.49 
-0.02 
-8.76 
4.31 
0.29 
No change 
-40.33 
96.91 
-14.12 
-30.16 
-34.67 
16.48 
1.39 
No change 
4.93 
No change 
-12.24 
24.55 
-4.23 
-2.93 
-4.96 
-0.57 
No change 
0.38 
-12.25 
16.77 
-0.02 
-9.49 
4.67 
0.31 
No change 
-7.08 
17.01 
-2.48 
-5.29 
-6.09 
2.89 
0.45 
No change 
0.87 
No change 
Note: Negative values here do not necessarily show negative change, as referred in the text. 
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Figure 5.26: Land use/land cover map of major watersheds based on IRS LISS II (1989) 
cover category and occupies an area of 75.12 km^ (13.18%), whereas, open scrub 
occupies an area of 56.73 kin^ (9.90%) spread across all watersheds. The natural 
vegetative cover in the watersheds covers 179 km' which is about 31% of the total 
geographical area. The area under wasteland is 66.80 km^ (11.70%), which is well 
spread across all watersheds. The area under water body is about 9.57 km^ mainly 
reported from Chopan, Makhawan, Niwari and Kanera. But other two watersheds i.e. 
Ghura and Senduwa do not show any surface water body. Built-up land occupies an 
area of about 9.88 knr. The area occupied by rock exposures and fort remains at 2.23 
km and 0.16 km" respectively. Figure 5.27 presents land use/land cover map of the 
whole area comprising six watersheds derived through interpretation of 2001 IRS 
data. 
5.10.3 Land use/land cover change (1989 - 2001): 
A comparative analysis of the 1989 and 2001 land use/land cover reveals 
decrease in area under the following land use/land cover categories: 
• Cultivated land 
• Dense forest 
• Open forest 
• Open scrub 
The cultivated land has decreased ftom 154.12 knr in 1989 to 113.79 km^ in 2001, 
showing 40.33 knr (26.17 %) decrease, with respect to 1989, probably due to absence 
of assured irrigation. Most of the cultivated land of 1989 has been converted into 
uncultivated land/wasteland in the year 2001. Amongst the watersheds maximum 
decline in cultivated land is reported from Senduwa followed by Niwari, Kanera, 
Makhawan, Ghura and Chopan. The area under dense forest has reduced from 61.52 
km^ in 1989 to 47.40 km^ in 2001, registering 14.12 km^ (22.95%o) decrease. The 
dense forest of 1989 has been converted into open forest and open scrub in the year 
2001. The maximum degradation of dense forest is reported from Chopan followed by 
Makhawan and Niwari. Ghura, Kanera and Senduwa watersheds do not have an area 
under dense forest. The area under open forest has decreased from 105.28 km^ in 1989 
to 75.12 km^ in 2001, reporting 30.16 km^ (28.65%) decrease in its aerial extent. 
Open forest in 1989 has been converted into open scrub, wasteland, and water body 
by the year 2001. Open forest has decreased across all watersheds, however maximum 
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Figure 5.27: Land use/land cover map of whole study area based on IRS LISS III (2001) 
decline is reported from Mal<chawan watersiied followed by Kanera, Niwari, Chopan, 
Ghura and Senduwa watersheds. The area under open scrub has come down from 
91.40 km' in 1989 to 56.73 km' in 2001, which is 34.67 km^ (37.93%) decrease in its 
aerial extent. Most of the open scrub in 1989 has been converted into wasteland by the 
year 2001. The maximum decline in the area under open scrub is reported from 
Chopan watershed followed by Senduwa, Makhawan, Niwari, Ghura and Kanera 
watersheds. The decline in the area under dense forest, open forest and open scrub 
may be attributed to developmental activities/anthropogenic activities, mounting 
population pressure, cattle grazing, degradation of forest, clearing of forest for food 
and fodder etc. 
The following land use/land cover categories show increase in area from 1989 
to 2001: 
• Uncultivated land 
• Wasteland 
• Water body 
• Built-up land 
The area under uncultivated land has increased from 91.61 km" in 1989 to 
188.07 km" in 2001. showing 96.46 km^ two fold increase in its area, with respect to 
1989, this increase may be attributed to decline in rainfall and depleting water sources 
affecting the rain-fed agricultural out-put. A substantial area under cultivated land in 
1989 has been converted into uncultivated land by the year 2001. The maximum 
increase in uncultivated land is reported from Makhawan watershed followed by 
Kanera, Chopan, Senduwa, Niwari and Ghura watersheds. Wasteland has increased 
from 50.32 km^ in 1989 to 66.80 km' in 2001, registering a 16.48 km^ (32.75%) 
increase across all watersheds. The maximum increase is reported from Chopan 
watershed followed by Makhawan, Senduwa, Niwari and Ghura watersheds. The 
increase in the area of wasteland is probably due to degradation of soil, especially in 
cultivated land and sparse vegetation areas, however at some places in the north-
western and south-western parts of the study area where topography is rugged and 
does not permit cultivation has resulted in increase of wasteland. Kanera watershed is 
the only one which has reported a decrease in area under wasteland. The decrease in 
area under wasteland in Kanera watershed may probably be due to reclaimation of 
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wasteland which has resuhed in restoring the soil health. The area occupied by water 
body has increased from 8.18 km^ in 1989 to 9.57 km^ in 2001, which is 16.99% 
increase in area, primarily due to the construction of Gopi Sagar dam in Chopan 
watershed and a small check dam in Niwari watershed. Maximum increase in area 
under water is reported from Chopan watershed followed by Makhawan and Niwari, 
but Kanera shows little decrease in area under water. Ghura and Senduwa watersheds 
do not have surface water body. The area under built-up land/settlement has increased 
from 4.95 km^ in 1989 to 9.88 km^ in 2001, registering 4.93 km^ almost doubled in 
its aerial extent with respect to 1989. The increase in the area under built-up land is 
evident from the increase in total population from 13,10,317 in 1991 to 19,55,654 in 
2001 of Guna town and adjacent villages falling within the study area. Figure 5.28 
presents changes in area under land use/land cover categories from 1989 to 2001. 
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Figure 5.28: Change in area under land use/land cover categories (1989-2001). 
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CHAPTER - VI 
PRIORITIZATION OF WATERSHEDS 
6.1 General Statement 
Watershed deterioration in terms of soil, water and tbrests is a common 
phenomenon in most parts of the world. Among several causes for degraded quality of 
watershed, is the improper and inexpedient utilization of watershed resources without 
any conservation measures, which is more severe in developing countries like India 
(FAO, 1985). Watershed management involves proper utilization of land and water 
resources of a watershed for optimum production with minimum hazard to natural 
resources (Biswas ct al.. 1999), .Judicious allocation and proper utilization of available 
resources for checking soil erosion necessitates accurate and timely mapping, 
monitoring and prioritization of areas based on their susceptibility to erosion. 
Watershed conservation measures are normally adopted at a smaller unit, i.e. sub-
watershed/micro-watershed level hence prioritization becomes necessary to 
implement conservation programmes on priority basis. 
6.2 Based on Morphomctric Analysis 
The morphomctric parameters i.e. drainage density (D), stream frequency (Fs). 
length of overland flow (Lo), mean bifurcation ratio (Rbm), drainage texture (Rt), 
circularity ratio (Re), elongation ratio (Re), form factor (Rf), basin shape (Bs) and 
compactness coefficient (Cc) are also termed as erosion risk assessment parameters 
and have been used for prioritizing sub-watersheds (Biswas et al., 1999). The linear 
parameters such as drainage density, stream frequency, length of overland flow, mean 
bifurcation ratio, drainage texture have a direct relationship with erodibility, higher 
the value, more the erodibility. Hence for prioritization of watersheds and sub-
watersheds, the highest value of each linear parameter was rated as rank 1, second 
highest value was rated as rank 2 and so on, and the least value was rated last in rank. 
Shape parameters such as circularity ratio, elongation ratio, form factor, basin shape 
and compactness coefficient have an inverse relationship with erodibility (Nooka 
Ratnam et al., 2005). lower the value, more the erodibility. Thus, the lowest value of 
each shape parameter was rated as rank 1, next lower value was rated as rank 2 and so 
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on and the highest vakic was rated last in rank. Hence, the ranking of the watersheds 
and sub-watersheds has been carried out by assigning highest rank for the higliest 
value in case of linear parameters and lowest value in case of shape parameters. After 
the ranking has been done for every single parameter, the ranking values for all the 
linear and shape parameters were added up and divided by the number of parameters 
to arrive at a compound value (Cp). The difference between lowest and highest Cp 
value was classified into three equal intervals so as to categorize watersheds into low. 
medium and high priority. 
6.3 Based on Land nse/Iand cover Analysis 
Common land use/land cover categories i.e. wasteland, uncultivated land, 
cuhivated land, open forest, dense forest, open scrub and water body have been used 
for prioritization of watersheds/sub-watersheds. The change in area under each land 
use/land cover category from 1989 to 2001 was computed in percentage and ranking 
was assigned on the basis of change in area under each land use category. All six 
watersheds i.e. Chopan, Makhawan, Niwari, Ghura, Kanera and Senduwa and their 
sub-watersheds have reported increase in area under uncultivated land and decrease in 
cultivated land from 1989 to 2001 indicating a negative change. However, some 
positive change is reported from Kanera watershed, since wasteland has reduced in its 
area and extent of few sub-watersheds. Moreover there has been some increase in area 
under open forest and open scrub, reflecting positive change in Chopan, Niwari, 
Ghura and Kanera waterheds. For prioritization of watersheds/sub-watersheds the 
highest value (percent area) under land use categories of cultivated land, uncultivated 
land, open scrub, open forest, dense forest, wasteland and water body were rated as 
rank 1, second highest value as rank 2 and so on. However, lowest ranking was given 
to the highest value amongst the land use category showing positive change, i.e. 
decrease in wasteland or increase in open forest, dense forest/open scrub (values in 
bold). Finally, the ranking under each land use category was added up to arrive at 
compound value (Cp). The difference between lowest and highest Cp value was 
classified into three equal intervals so as to categorize watersheds into low, medium 
and high priority. 
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Prioritization of sub-watersheds in Chopan, Makliawan, Niwari, Ghura, 
Kanera and Senduwa watcrslieds lias been discussed in the following section. 
6.4 Chopan Watershed 
The five sub-watersheds of Chopan have been prioritized on the basis of 
morphometric parameters was carried out following the approach explained in the 
previous section. The rankings of individual parameters for each sub-watershed and 
the compound value (Cp) arrived based on rankings are presented in Table 6.1. The 
sub-watersheds are categorized as high (2.2 - 2.5), medium (2.5 - 2.8) and low (2.8 -
3.1) priority on the final compound value. Out of the five sub-watersheds SWl fall in 
high priority. SW4 in medium priority whereas SW2, SW3 and SW5 fall in low 
priority category (Table 6.1). Figure 6.1a show priority of sub-watersheds based on 
morphometric parameters. 
A comparative land use/land cover analysis of 1989 and 2001 across the sub-
watersheds indicates a general decrease in cultivated land area and increase in 
uncultivated land. Sub-watersheds also reported a general decline in natural 
vegetation i.e. dense forest, open forest and open scrubs across all sub-watersheds. A 
close analysis of the land use/land cover change shows that SW2 represents mainly 
negative change; however rest four sub-watersheds show some positive change as 
well. The positive change is reflected by increase in aerial extent of cultivated land, 
open forest, dense forest, open scrub and water body (Table 6.1). The rankings of 
individual land use category for each sub-watershed and the compound value (Cp) 
arrived based on rankings are presented in Table 6.1. The sub-watersheds were 
categorized as high (2.3 ~ 2.7). medium (2.7 - 3.1) and low (3.1 ~ 3.5) priority on the 
final compound value. Out of the five sub-watersheds, SWl and SW3 fall in high 
priority, SW2 falls in medium priority whereas SW4 and SW5 fall in low priority 
category (Table 6.1). Figure 6.1b show priority of sub-watersheds based on land 
use/land cover change analysis. 
The results obtained from morphometric and land use/land cover change 
analysis were correlated to find out the common sub-watersheds falling under each 
priority. The correlation shows, SWl falls under high priority and SW5 falls in low 
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Figure 6.1: Priority of sub-watersiieds based upon 
(a) morphometric analysis and (b) based on land use/land cover analysis 
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priority based on morphometric as well as land use/cover analysis. However, SW2, 
SW3 and SW4 exhibit little correlation and differ in their priority under morphometric 
and land use/land cover change analysis (Table 6.1). Figure 6.2 shows common sub-
watersheds based on integration of morphometric and land use/land cover analysis 
after both the themes arc superimposed in GIS. 
6.5 Makhawan Watershed 
The seven sub-watersheds of Makhawan were prioritized on the basis of 
morphometric parameters giving ranking for individual parameter, for each sub-
watershed and the compound value (Cp) arrived based on rankings are presented in 
Table 6.2. The sub-watersheds were categorized as high (3.1 - 3.7), medium (3.7 -
4.3) and low (4.3 - 4.9) priority on the final compound value. Out of the seven sub-
watersheds SW3, SW6 and SW7 fall in high priority, SW2 falls in medium priority 
whereas SWl, SW4 and SW5 fall in low priority (Table 6.2). Figure 6.3a show 
priority of sub-watersheds based on morphometric parameters. 
A comparative land use/land cover analysis of 1989 to 2001 across the sub-
watersheds indicates a general decrease in cultivated land area and increase in 
uncultivated land. Sub-watersheds also reported a general decline in natural 
vegetation i.e. dense ibrest, open forest and open scrubs. A close analysis of the land 
use/land cover change shows SW2 and SW6 represent mainly negative change; 
however rest five sub-watersheds show some positive change as well. The positive 
change is reficcted by the reclamation of wasteland and increase in aerial extent of 
cultivated land, dense forest and water body (Table 6.2). The rankings of individual 
land use category for each sub-watershed and the compound value (Cp) arrived based 
on rankings are presented in Table 6.2. The sub-watersheds were categorized as high 
(3.2 - 3.8). medium (3.8 - 4.4) and low (4.4 - 5.0) priority on the final compound 
value. Out of the seven sub-watersheds SWl, SW2, SW3 and SW4 fell in high 
priority, SW5 falls in medium priority whereas SW6 and SW7 fall in low priority 
category (Table 6.2). Figure 6.3b show priority of sub-watersheds based on land 
use/land cover change analysis. 
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Figure 6.2: Priority of sub-watersheds based on 
integration of morphometric and land use/land cover analysis 
X ) 
c 
-o 
I 
3 
Q. 
C 
c 
rj 
H 
c 
t o 
x: 
o 
> 
o  
T 3 
C 
on 
3 
T 3 
C 
-J 
in 
CO 
C 
o 
1 ) 
E 
o 
x: 
& 
o 
c 
o 
E 
E 
o 
U 
o 
a, 
a. 
U 
02 
O 
Q 
O 
(J 
g 
Q . 
u 
CO 
E 
pd 
03 
Q . 
c/1 
E 
CO 
a . 
<u 
C J 
U 
CO 
t 4 -
O i 
r? 
E 
n 
D i 
O 
_1 
in 
n 
^ 1 
"H o-
| . E 
C/5 " 3 
1 - . 
.2 
a. 
0) 
a 
ca 
> 
^ 
^ 
• ^ 
^ O ^ 
^ 
(1) 
3 
to 
> 
o 
0 0 
o 
• * 
1 
0 0 
o 
od 
oo 
'/-) 
o 
o 
^ 
-* 
O 
OO 
O 
v n 
m 
o 
r^i 
m 
r 1 
r o 
O 
OO 
o 
o o 
r o 
( N 
_ „ 
CO 
• 
"5b 
( N 
f l 
i^ 
• ^ 
=^ 
^- -v , 
^ 
^ 
^ 
<^l 
O 
-J 
r l 
^ 
;:^  
~^ 
^ 
""-^  
f ^ i 
5 
' — 1 
-^-, 
;:^  
' — J 
^ 
• " ^ 
f:^  
• " ^ 
;:^  
''^ 
OJ 
o 
r-l 
1/-) 
o 
3 
o 
ON 
>* 
i n 
o 
m 
0 0 
»—( 
m 
u n 
o 
M-
r i 
r^i 
O 
o 
t - -
VO 
o 
MO 
^ 
r i 
o 
i n 
en 
^ 
t N 
rs \ 
c/) 
' 
x: 
DJ) 
^ o 
m 
-^  
"^ 
^ 
'-~, 
" • ^ 
^ 
^ 
^ 
r^  
~~" 
5 
'•5 
5 
'—' 
^ 
B^  
'--. 
:::^  
^^  
?^  
'~~" 
t - v . ' 
" • ^ ^ 
^ 
^^  
5^  
^^ 
B^  
'-^  
^ 
• - ^ 
^ 
'--, 
>.o 
r - l 
1 ^ 
O 
1 ^ 
( N 
t ^ 
t ^ 
O 
ON 
m 
o o 
m 
o o 
CNl 
IT) 
o 
O N 
O 
CNl 
^ 
O 
o 
rM 
>o 
o 
o o 
i n 
NO 
'^  
i n 
NO 
o 
i n 
O 
i n 
NO 
o 
r-l 
r ' l 
CO 
5 
5 
o o 
r~i 
5 
J^  
'—, 
^ 
'-— 
-^ 
3: 
N O " 
^ • ^ 
5 
.—. 
m 
:^ 
^ ~ j 
^ 
' 
?" 
'^ ^ 
^ 
Q^  
^^ 
• ^ - j 
^^  
' ^ ^ j 
^ 
^ - j 
^ 
-^-
'—' 
NO 
IT) 
O 
ON 
0 4 
^ 
1 - H 
O 
r-\ 
OO 
ON 
0 0 
T H 
* - < 
0 0 
ND 
NO 
o 
NO 
o 
r~> 
ON 
CNl 
o 
t N 
( N 
O 
( N 
i n 
o 
i n 
0 0 
r ' l 
m 
m 
m 
NO 
o 
O 
^ 
0 0 
m 
• < ^ 
CO 
• 
x: 
X 
r~-
m 
^ 
^ 
^ 
^^  
i^  
'^ 
^ 
^ 
::^  
^ - - j 
o 
i n 
r ^ 
ir N - ^ 
^ o " 
^ 
rn 
'-^  
^ 
V 
^ J 
'--, 
' n 
•^ -^  
^ 
2^  
' - ~ i 
?? 
T f 
CN) 
NO 
O 
c^  
O 
ON 
»s 
i n 
o 
o 
O N 
ON 
"* 
NO 
NO 
o 
ON 
CNl 
NO 
O 
CNJ 
o 
NO 
i n 
o 
O N 
ND 
r n 
OJ 
m 
NO 
NO 
o 
ON 
CNl 
T t 
CN] 
o 
m 
i n 
0 0 
' 
E 
3 
ON 
m 
^ 
• ^ 
-^-, 
^ 
^ 
^ 
f--, 
^ 
5^  
5 
o 
o o 
-* 
5^  
• • - ^ 
[? 
^" 
• ^ ^ 
^ 
i n " 
^ ~ j 
^ 
^^ 
^ 
• - - . 
^ 
'^ ^ 
?^  
• - - ^ 
5^  
'--, 
i n 
1/1 
NO 
IT) 
0 0 
<N 
CNl 
r-
( N 
o 
O N 
O N 
r~-' 
0 0 
O 
o o 
NO 
( N 
i n 
i n 
NO 
i n 
o 
o 
m 
i n 
( N 
o 
o 
o 
o o 
^ 
o 
o 
^ 
NO 
NO 
r*-! 
ND 
O 
0 0 
^ 
0 0 
ON 
( N 
Nfl 
CO 
• 
o 
o 
i n 
fv' 
" ^ - w 
^ - - 1 
' - - w 
^ 
• - - i 
^ 
^ 
^ 
• - ^ 
^ 
^ 
•— 
m 
^ 
I n 
"-^  
-^^  
^ 
^ 
^^ 
^ 
'--, 
^ 
^ 
-^„ 
^ 
'---. 
:^ 
N~- . 
o o 
( N 
NO 
CNl 
T—( 
O 
i n 
O 
NO 
f N 
NO 
<N 
NO 
'^ r 
oo 
i n 
o 
0 0 
( N 
m 
o 
O 
O 
( N 
O 
m 
• ^ 
O 
O N 
"* 
OO 
r s l 
NO 
O 
0 0 
o 
i n 
0 0 
CNl 
r i 
r-
C/3 
• 
O 
NO 
- t 
V? 
'-, 
^ 
•-c. 
^ 
N ^ 
^ 
^ 
5^  
^ 
x: 
tiJ} 
r f 
m 
^ 
^^ 
5^  
' 
l^ -
^ 
r v T 
Cl 
;:r 
^^ 
^ 
^^ 
• - -^ 
^ 
-:}-
i n 
<N 
High 
Medium 
Low 
1 0 1 2 Kilometers 
Figure 6.3: Priority of sub-watersheds based upon 
(a) morphometric analysis and (b) landuse/land cover analysis 
The results obtained from morphometric and land use/land cover change 
analysis were correlated to find out the common sub-watersheds falling under each 
priority. The correlation shows, only SW3 being the common sub-watershed which 
falls in high priority based on morphometric as well as land use/cover analysis. The 
other six sub-watersheds exhibit little correlation and differ in their priority under 
morphometric and land use/land cover change analysis (Table 6.2). Figure 6.4 shows 
correlation of sub-watersheds based on integration of morphometric and land use/land 
cover analysis after both the themes are superimposed in GIS. 
6.6 Niwari Watershed 
The prioritization of six sub-watersheds of Niwari on the basis of 
morphometric parameters giving ranking for individual parameter, for each sub-
watershed and the compound value (Cp) arrived based on rankings are presented in 
Table 6.3. The sub-watersheds were categorized as high (2.8 ~ 3.3), medium (3.3 -
3.8) and low (3.8 4.3) priority on the final compound value. Out of the six sub-
watersheds SWl, SW4 and SW6 fall in high priority, SW3 and SW5 in medium 
priority whereas SW2 falls in low priority (Table 6.3). Figure 6.5a show priority of 
sub-watersheds based on morphometric parameters. 
A comparative land use/land cover analysis of 1989 and 2001 across sub-
watersheds indicates a general decrease in cultivated land area and increase in 
uncultivated land, except SW4 which shows marginal increase in the cultivated land. 
Sub-watersheds also reported a general decline in natural vegetation i.e. dense forest, 
open forest and open scrubs. A close analysis of the land use/land cover change shows 
that SWl, SW3, SW5 and SW6 represent mainly negative change; however rest two 
sub-watersheds, i.e. SW2 and SW4 show some positive change as well. The positive 
change is reflected by the reclamation of wasteland and increase in aerial extent of 
cultivated land and open scrub (Table 6.3). The rankings of individual land use 
category for each sub-watershed and the compound value (Cp) arrived based on 
rankings are presented in Table 6.3. The sub-watersheds were categorized as high (1.8 
- 2.9), medium (2.9 -4.0) and low (4.0 - 5.1) priority on the final compound value. 
Out of the six sub-watersheds SWl and SW6 fall in high priority, SW2, SW3 and 
SW5 in medium priority whereas SW4 falls in low priority category (Table 6.3). 
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Figure 6.4: Priority of sub-watersheds based on 
integration of morphometry and land use/land cover analysis 
T3 (U 
z 
c 
T 3 
(U 
JO 
C/5 
£1, 
•X} 
C 
oc 
c 
J = 
o 
ID 
> 
O 
-o 
c 
c/) 
C 
_ l 
00 
C 
O 
e 
o 
e-
o 
P 
1) 
Q . 
03 
0 0 
1) 
E 
03 
C 
J 
-a 
OJ 
x: 
CO 
^ 
3 
CO 
c 
o 
E (—• 
o 
o 
cu 
D_ 
u 
c/) 
o 
Q 
O 
_1 
_1 
o 
n. 
CJ 
o 
c/) 
4J 
o 
i V 
p 
C i^ 
O 
CO 
n 
E 
& 
03 
<U 
03 
>> 
O 
a. 
ID 
3 
03 
> 
^ 
' ' 
iF 
<D 
3 
03 
> 
OS 
1 
0 0 
r l 
ly-i 
oo 
o 
en 
m 
r~) 
<r3 
CM 
CD 
O 
r n 
r"-! 
o 
ON 
ON 
m 
i/~i 
r-
<N 
, , 
^ 
GO 
• ^ 
-s : 
.bo 
oo 
— 
"^ 
C? 
^ 
'~^ 
oo 
( N 
c^  
'-^ 
^ 
-^^  
=? 
-^^  
^ 
^^ 
^ 
-^~-
'-^ 
' ' 
?:? 
-^-^  
c? 
'--; 
^ 
^ 
C/-1 
en 
ON 
o 
so 
• 
1 
o 
ON 
en 
c-^ i 
0 0 
-
o 
o 
— 
( N 
-* 
O 
o 
o 
r--
o 
oo 
OJ 
f - l 
m 
oo 
oo 
O 
oo 
m 
oo 
( N 
rsl 
^ 
C/) 
p 
• 5 
<D 
^ 
r i 
r^  
r^  
'---
^ 
^, 
5r 
>»-, 
> 
o 
_1 
rN 
• ^ 
-^^  
s - - , 
^ 
^ - - * 4 
^ 
^ 
'~--
^ 
' - - J 
'--, 
-^ '^ ^^  
" - 1 
'--~-
^ 
^-~w 
0 0 
i / i 
r-
1 
• 
NO 
o^  
ON 
ON 
""* 
CNI 
m 
oo 
O 
~ 
^ 
^ 
^ 
CNl 
CNI 
o 
CNI 
o 
O 
CNI 
ON 
(N 
SO 
O 
i n 
i n 
r j -
00 
en 
m 
m 
^ 
0 0 
S 
1 
S 
^ 
i n 
m 
^ 
-^^  
^ 
7-N 
^ 
-^^  
^ 
1 
^ 
m 
^ 
• - - ^ 
?:? 
::r 
'—, 
•^--N 
• - - J 
IT 
^^ 
7;^  
-^-; 
?^  
' , 
B^  
' , 
S ^ 
OO 
l~-; 
o 
in 
1 
• 
ON 
0 0 
ON 
o 
i n 
ON 
00 
o 
i n 
i n 
ON 
o 
( N 
o 
^ 
^ 
o 
i n 
ON 
(N 
m 
O 
r n 
VO 
o 
NO 
• * 
1 ^ 
ON 
CN) 
'^t 
^ 
( / J 
5 
o 
-J 
o 
i n 
5? 
" • ~ . 
^ 
^, 
^ 
^^ 
m 
5^  
'--^  
^ 
-^-
S - — 1 
'-~, 
?^  
-^-, 
^ 
' 
^ 
• - ^ ^ 
?^  
'--^  
^ 
^^ 
5^  
' — 1 
r n 
>o 
,—, 
i n 
00 
m 
1 
i _ j 
oo 
od 
^~' 
i n 
00 
rN 
NO 
O 
o 
m 
O 
0 0 
o 
oo 
O 
i n 
m 
O 
en 
NO 
o 
00 
i n 
m 
o 
o m 
i n 
^ 
ly) 
^ 
1 
S 
^ 
oo 
m 
• - ^ ^ 
^ 
^ 
-^. 
s 
1 
i n 
m 
• - ^ 
^ 
"^-^  
ic^ 
"---^  
5^  
' - - J 
I n , 
^ 
' 1 
^ 
-^-. 
r^  
<^ 
^ 
• • - ^ 
^ 
-^-. 
l-^ 
O 
NO 
NO 
i n 
. 
p 
o 
o 
ON 
i n 
pNi 
o 
r ' l 
r-
o 
i n 
oo 
O 
o 
C3 
^ 
i n 
CNI 
O 
CNI 
o 
O N 
O 
m 
NO 
CNI 
i n 
m 
NO 
o 
NO 
ON 
r n 
i n 
r n 
N O 
^ 
l /J 
-p 
NO 
( N 
>?" 
' , 
^ 
^ 
^^ 
.be 
5 
ON 
CN 
^ 
?^  
'—-
fn 
-^^  
c? 
"^ -^  
^ 
'-— 
5^  
^^ 
'--, 
"-^  
• • ^ 
^ 
Jp 
• ^ ^ 
^ 
r n 
^ 
High 
Medium 
Low 
1 0 1 2 Kilometers 
Figure 6.5: Priority of sub-watersheds based upon « 
(a) morphometric analysis and (b) land use/land cover analysis 
Figure 6.5b show priority of sub-walersheds based on land use/land cover change 
analysis. 
The results obtained from morphometric and land use/land cover change 
analysis were correlated to llnd out the common sub-watersheds falling under each 
priority. The correlation shows SWl and SW6 falling under high priority, whereas 
SW3 and SW5 falling under medium priority are the common sub-watersheds based 
on morphometric'as well as land use/land cover analysis (Figure 6,6). However, rest 
two sub-watersheds exhibit little correlation and differ in their priority under 
morphometric and land use/cover change analysis (Table 6.3). 
6.7 Ghura Watershed 
The six sub-watersheds of Ghura were prioritized on the basis of 
morphometric parameters giving ranking for individual parameter, for each sub-
watershed and the compound value (Cp) arrived based on rankings are presented in 
Table 6.4. The sub-walersheds were categorized as high (3.0 - 3.4), medium (3.4 -
3.8) and low (3.8 - 4.2) priority on the final compound value. Out of the six sub-
watersheds SW2, SW4 and SW6 fall in high priority, SWl and SW5 falls in medium 
priority whereas SW3 falls in low priority (Table 6.4). Figure 6.7a show priority of 
sub-watersheds based on morphometric parameters. 
A comparative land use/land cover analysis of 1989 and 2001 across the sub-
watersheds indicates a general decrease in cultivated land area and increase in 
uncultivated land. Flowever, SWl and SW2 also show a marginal increase in the 
cultivated land. Sub-watersheds also reported a general decline in natural vegetation 
i.e. open forest and open scrubs. A close analysis of the land use/land cover change 
shows that SW3 represents mainly negative change; however rest five sub-watersheds 
show some positive change as well. The positive change is reflected by the 
reclamation oi' wasteland and increase in area under cultivated land and open forest 
(Table 6.4). 'fhe rankings of individual land use category for each sub-watershed and 
the compound value (Cp) arrived based on rankings are presented in Table 6.4. The 
sub-watersheds were categorized as high (1.8 - 2.6), medium (2.6 - 3.4) and low (3.4 
- 4.2) priority on the final compound value. Out of the six sub-watersheds SW3 and 
SW5 fall in high priority. SWl falls in medium priority whereas SW2, SW4 and SW6 
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Figure 6.7: Priority of sub-watersheds based upon 
(a) morphometric analysis and (b) land use/land cover analysis 
fall in low priority category (Table 6.4). Figure 6.7b show priority of sub-watersheds 
based on land use/land cover change analysis. 
The results obtained from morphometric and land use/land cover change 
analysis were correlated to find out the common sub-watersheds falling under each 
priority. The correhuion finds that SWl is the only sub-watershed which is common 
and falls in medium priority based on morphometric as well as land use/cover 
analysis. The other live sub-watersheds exhibit little correlation and differ in their 
priority under morphometric and land use/land cover change analysis (Table 6.4), 
Figure 6.8 shows sub-watersheds based on integration of morphometric and land 
use/land cover analysis after superimposition of two results in GIS. 
6.8 Kanera Watershed 
The prioritization of six sub-watersheds of Kanera on the basis of 
morphometric parameters giving ranking for individual parameter, for each sub-
watershed and the compound value (Cp) arrived based on rankings are presented in 
Table 6.5. The sub-watersheds were categorized as high (2.8 - 3.5), medium (3.5 -
4.2) and low (4.2 -- 5.0) priority on the final compound value. Out of the seven sub-
watersheds SWl, SW2 and SW6 fall in high priority, SW5 and SW7 fall in medium 
priority whereas SW3 and SW4 fall in low priority (Table 6.5). Figure 6.9a show 
priority of sub-watersheds based on morphometric parameters. 
A comparative land use/land cover analysis of 1989 and 2001 across the sub-
watersheds indicates a general decrease in cultivated land area and increase in 
uncultivated land. Sub-watersheds also reported a general decline in natural 
vegetation i.e. open forest and open scrubs. A close analysis of the land use/land 
cover change shows that SWl and SW7 represent mainly negative change; however 
rest five sub-watersheds show some positive change as well. The positive change is 
reflected by the reclamation of wasteland and increase in area under open forest and 
open scrub (Table 6.5), The rankings of individual land use category for each sub-
watershed and the compound value (Cp) arrived based on rankings are presented in 
Table 6.5. The sub-watersheds were categorized as high (3.6 - 3.9), medium (3.9 -
4.2) and low (4.2 - 4.5) priority on the final compound value. Out of the seven sub-
watersheds SWl, SW3, SW4 and SW6 fall in high priority, SW2 and SW7 fall in 
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Figure 6.9: Priority of sub-watersheds based upon 
(a) morphometric analysis and (b) land use/land cover analysis 
medium priority, whereas SW5 falls in low priority category (Table 6.5). Figure 6.9b 
show priority of sub-watersheds based on land use/land cover change analysis. 
The results obtained from morphometric and land use/land cover change 
analysis were correlated to find out the common sub-watersheds falling under each 
priority. The correlation shows that SWl, SW6 and SW7 are common sub-
watersheds. SWl and SW6 fall in high priority, whereas, SW7 falls in medium 
priority based on morphometric as well as land use/cover analysis. The other four sub-
watersheds exhibit little correlation and differ in their priority under morphometric 
and land use/land cover change analysis (Table 6.5). Figure 6.10 show common sub-
watersheds based on integration of morphometric and land use/land cover analysis 
after the two themes are superimposed in GIS. 
6.9 Senduwa Watershed 
The prioritization of sub-watersheds on the basis of morphometric parameters 
giving ranking for individual parameter, for each sub-watershed and the compound 
value (Cp) arrived based on rankings are presented in Table 6.6. The sub-watersheds 
were categorized as high (3.3 ~ 3.7), medium (3.7 - 4.1) and low (4.1 - 4.5) priority 
on the final compound value. Out of the seven sub-watersheds SW4, SW5 and SW7 
fall in high priority, SW3 and SW6 in medium priority and SWl and SW2 fall in low 
priority (Table 6.6). Figure 6.11a show priority of sub-watersheds based on 
morphometric parameters. 
A comparative land use/land cover analysis of 1989 and 2001 across the sub-
watersheds indicates a general decrease in cultivated land area and increase in 
uncultivated land. Sub-watersheds also reported a general decline in natural 
vegetation i.e. open forest and open scrubs. A close analysis of the land use/land 
cover change shows that SW2, SW3, SW5, SW6 and SW7 represent mainly negative 
change; however rest two sub-watersheds show some positive change as well. The 
positive change is rcOeclcd by the reclamation of wasteland (Table 6.6). The rankings 
of individual land use category for each sub-watershed and the compound value (Cp) 
arrived based on rankings are presented in Table 6.6. The sub-watersheds were 
categorized as high (1.5 - 3.0), medium (3.0 - 4.5) and low (4.5 - 6.0) priority on the 
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Figure 6.11: Priority of sub-watersheds based upon 
(a) morphometric analysis and (b) land use/land cover analysis 
final compound value. Out of the seven sub-watersheds SW3 and SW5 fall in high 
priority, SW2 and SW6 fall in medium priority whereas SWl, SW4 and SW7 fall in 
low priority category (Table 6.6). Figure 6.1 lb show priority of sub-watersheds based 
on land use/land cover change analysis. 
The results obtained from morphometric and land use/land cover change 
analysis were correlated to find out the common sub-watersheds falling under each 
priority. The correlation shows that SWl, SW5 and SW6 are common sub-
watersheds. SW5 fall in high priority, SW6 fall in medium priority and SWl falls in 
low priority based on morphometric as well as land use/land cover analysis. However, 
rest four sub-watersheds exhibit little correlation and differ in their priority under 
morphometric and land use/cover change analysis (Table 6.6). Figure 6.12 shows 
priority of sub-watersheds based on integration of morphometric and land use/land 
cover analysis in a CIS. 
6.10 Prioritization of Major Watersheds 
The prioritization of watersheds namely Chopan, Makhawan, Niwari, Ghura, 
Kanera and Senduwa was attempted using the results obtained under morphometric 
and land use analysis, fhc rankings of individual parameters for each watershed and 
the compound value (Cp) arrived based on rankings on morphometric parameters 
(linear and shape) arc presented in Table 6.7. The watersheds were categorized as 
high (2.2 - 3.0). medium (3.0 - 3.8) and low (3.8 - 4.7) priority on the final 
compound value. Out of the six watersheds Chopan and Makhawan watersheds fall in 
high priority. Kanera and Senduwa watersheds fall in medium priority, whereas 
Niwari and Ghura watersheds fall in low priority (Table 6.7). Figure 6.13a show 
priority of watersheds based on morphometric analysis. 
A comparative land use analysis of 1989 and 2001 across the watersheds 
indicates a general decrease in cultivated land area and increase in uncultivated land. 
Watersheds also reported a general decline in natural vegetation i.e. open forest, dense 
forest and open scrubs. Further, all watersheds show mainly negative change, 
however Kanera watershed show some positive change as well, due to reclamation of 
some wasteland and there is also increase in the aerial extent of water body in 
Chopan, Makhawan and Niwari watersheds (Table 6.7). The rankings of individual 
187 
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Figure 6.12: Priority of sub-watersheds based on 
integration of morphometric and land use/land cover analysis 
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Figure 6.13: Priority of major watersheds based upon 
(a) morphometric analysis and (b) land use/land cover analysis 
land use category for each watershed and the compound value (Cp) arrived based on 
rankings are presented in Table 6.7. The watersheds were categorized as high (2.7 -
3.0), medium (3.0 - 3.3) and low (3.3 - 3.7) priority on the final compound value. Out 
of the six watersheds Niwari and Senduwa watersheds fall in high priority, Kanera 
watershed in medium priority whereas Chopan, Makhawan and Ghura watersheds in 
low priority category (Table 6.7). Figure 6.13b show priority of watersheds based on 
land use/land cover analysis. 
The results obtained from morphometric and land use/land cover change 
analysis were correlated to find out the common watersheds falling under each 
priority. The correlation shows that Ghura and Kanera watersheds are common. 
Kanera watershed falls in medium priority, whereas, Ghura watershed falls in low 
priority based on both morphometric as well as land use/land cover analysis. 
However, rest four watersheds exhibit little correlation and differ in their priority 
under morphometric and land use/cover change analysis (Table 7.7). Figure 6.14 
show priority of watersheds based on integration of morphometric and land use/land 
cover analysis after superimposition of themes in a GIS. 
The entire area comprises 38 sub-watersheds out of which 16 fall in high 
priority, 10 fall in medium priority and 12 fall in low priority. Figure 6.15 Shows 
priority of sub-watersheds based on morphometric parameters. 
The results of land use/land cover analysis show that out of 38 sub-
watersheds, 16 fall in high priority, 10 fall in medium priority and 12 fall in low 
priority. Figure 6.16 shows priority of sub-watersheds based on land use/land cover 
change analysis. 
The results obtained from morphometric and land use/land cover change 
analysis were superimposed in GIS to find out the common sub-watersheds falling 
under each priority. It was found that out of the total 38 sub-watersheds only 14 sub-
watersheds are common in their priority. 7 fall in high priority, 5 fall in medium and 
only 2 sub-watersheds fall in low priority. Mowever rest 24 sub-watersheds show little 
correlation and differ in their priority under morphometric and land use/land cover 
change analysis. Figure 6.17 shows priority of sub-watersheds based on correlation of 
morphometric and land use/land cover analysis after both the themes were 
superimposed in GIS. 
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Figure 6.14: Priority of watersheds based on integration of 
morphometric and land use/land cover analysis 
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SUMMARY AND CONCLUSION 
The present study has provided an insight into characteristics of six major 
watersheds in terms of their morphometric parameters and land use/land cover 
change. The study area has predominantly basaltic terrain interspersed by laterite 
deposits and alluvium which is formed by the sediments of Sind river and its 
tributaries. The area has three geomorphic landforms, i.e. Deccan Plateau, 
Denudational Hills and Alluvial Plains. 
The study area has six watersheds, which have been demarcated into 38 sub-
watersheds varying in area from 41.62 km^ (SWl of Chopan) to 2.64 km^ (SW6 of 
Ghura). The stream analysis of 38 sub-watersheds shows that only one sub-watershed 
is of second order, 10 are of third order, 22 are of fourth order, whereas only 5 sub-
watersheds are of fifth order. The morphometric analysis of the sub-watersheds 
suggest that there are large variations in terms of their linear, relief and aerial 
parameters. Out of 38 sub-watersheds, 26 sub-watersheds show higher bifurcation 
ratios due to difference in topography and also suggest some structural control over 
the drainage pattern, whereas 12 sub-watersheds show relatively lower bifurcation 
ratios. Low drainage density has been observed in 24 sub-watersheds suggesting 
permeable subsoil material, presence of vegetation and low relief, whereas remaining 
14 sub-watersheds show relatively high drainage density and represent less permeable 
material, sparse vegetative cover and moderate to high relief. The drainage texture is 
very coarse in 5 sub-watersheds, coarse in 16 sub-watersheds, moderate in 8 sub-
watersheds, fine in 5 sub-watersheds and only 4 sub-watersheds show very fine 
drainage texture. The stream frequency in 29 sub-watersheds exhibits positive 
correlation with drainage density indicating an increase in stream population with 
increase in drainage density. However 9 sub-watersheds show high stream frequency 
despite low drainage density suggesting drainage anomaly due to varying factors. Out 
of 38 sub-watersheds, 9 sub-watersheds have higher relief ratio (Rh) which may 
indicate steep to moderate slopes, whereas 29 sub-watersheds show lower Rh value 
indicating gentle slope and low relief 
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Shape parameters suggest only 4 sub-watersheds are circular in shape, 
whereas rest 34 sub-watersheds exhibit elongated shape. Hence the circular sub-
watersheds are more hazardous compared to the elongated sub-watersheds. 
The analysis of 1989 and 2001 IRS data suggests that the study area has lost 
44.28 km^ (7.77%) of green cover due to a combination of natural (decline in average 
rainfall) and anthropogenic factors (clearing of forest, shifting in crops, land left as 
fallow). Out of the total 38 sub-watersheds, 14 sub-watersheds show 100% negative 
change, whereas rest 24 sub-watersheds show predominantly negative changes but 
some positive change has also been observed due to increase in area under cultivated 
land, dense forest, open forest, open scrub, water body and decrease in wasteland. All 
sub-watersheds have reported increase in the aerial extent of uncultivated land. Dense 
forest was degraded to open forest at few selective locations in a few sub-watersheds 
due to felling of trees for economic gains, however at some places dense forest was 
slowly and gradually cleared and converted into cultivated land as well. In some of 
the cases where terrain doesn't allow cultivation, it was left as such and later became 
wasteland. The other notable land use changes in the study area include substantial 
increase in area under uncultivated land and wasteland. However, Kanera is the only 
watershed which has shown decrease in area under wasteland, which suggests land 
reclamation during 1989-2001 period. A close analysis of the land use/land cover 
change shows that all the watersheds reported mostly negative change showing 
overall degradation of the land resources, however Chopan, Niwari and Kanera show 
some positive changes as well. The positive change is reflected by the 
reclamation/conversion of wasteland into open scrub in Kanera watershed whereas, in 
Chopan and Niwari watersheds positive change is reported through increase in area 
under water body. 
Prioritization of the sub-watersheds on the basis of morphometric analysis 
shows that out of 38 sub-watersheds, 16 fall in high priority, 10 fall in medium 
priority and 12 fall in low priority. On the basis of land use/land cover analysis out of 
38 sub-watersheds, 16 fall in high priority, 10 fall in medium priority and 12 fall in 
low priority. It is interesting to note that the number of sub-watersheds under high, 
medium and low priority are same on morphometric and land use/land cover analysis, 
though the numbers are same but sub-watersheds differ, when they are correlated. 
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The results obtained from morphometric and land use/land cover change 
analysis were superimposed in GIS is to find out the common watersheds/sub-
watersheds falling under each priority. It is found that out of 38 sub-watersheds, 14 
sub-watersheds fall under same priority on morphometric and land use/land cover 
analysis. Amongst the 14 sub-watersheds, 7 fall under high priority, 5 fall under 
medium priority, whereas only 2 fall under low priority. Amongst the watersheds only 
Ghura and Kanera watersheds fall in the same priority on both morphometric and land 
use/land cover analysis. 
The present study conclude that remote sensing and GIS approach in 
prioritization of watersheds/sub-watersheds based on ranks obtained from 
morphometric and land use/land cover analysis is found to be an effective and 
appropriate technique. It also demonstrates application of remote sensing and 
geographical information system (GIS) to prioritize watersheds/sub-watersheds on 
morphometric and land use/land cover analysis in Guna district, Madhya Pradesh. 
Prioritization of watersheds/sub-watersheds may be helpful to planners and decision 
makers in implementing natural resources conservation plans at watershed/sub-
watershed level. The study has scientifically proved that Kanera and Ghura 
watersheds call for immediate conservation measures in terms of soil and water, for 
sustainable development to bring environmental and social benefit to the local people. 
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